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ORIGINAL PAPERS 


AN X-RAY STUDY OF NATURAL AND ARTIFICIAL SILLIMANITE 
By Joun T. Norton! 


ABSTRACT 

Mechanical mixtures of alumina and silica in the molecular proportions of 1:1 and 
3:2 as well as samples of pure kaolin, have been heated to temperatures above 1500°C 
and have been examined by the X-ray diffraction method. The diffraction patterns 
obtained from these samples agree exactly with the pattern given by a sample of nat- 
ural sillimanite, not only in the position of the diffraction lines but in their relative in- 
tensities. This indicates that the regularly arranged atoms of these two compounds 
must have identical positions. It is concluded that either the two compounds are 
identical or that each unit of the lattice of one compound contains a definite number of 


randomly arranged atoms which the other compound does not possess 


The mineral sillimanite which occurs in nature is quite well known and, 
as a result of many analyses, is believed to be a compound of alumina and 
silica in equal molecular proportions. There has also been found in fire clay 
and porcelain articles which have been heated, particularly for long periods 
at temperatures above 1500°C, a crystalline material which bears a very 
close resemblance to the sillimanite of nature and, until quite recently, 
was regarded as identical with it. In the manufacture of various sorts of 
refractory articles, this material was a desirable constituent because of 
some of its very useful properties so that the conditions under which it 
could be formed and its general properties were of interest. 


1 Research Associate, Dept. of Physics, Massachusetts Institute of Technology 
Reed. May 20, 1925 
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A short time ago, however, Bowen and Greig' published the results of 
some experiments indicating that the compound produced artificially was 
a material distinct from the natural sillimanite and they gave it the name 
“mullite.” Mullite crystals were of the same orthorhombic form as silli- 
manite, but the indices of refraction were slightly different. A chemical 
analysis showed that its composition corresponded to a compound con- 
taining three molecules of alumina and two of silica. Table I shows the 
differences between sillimanite and mullite found by Bowen and Greig. 


TABLE I 

TABLE SHOWING PROPERTIES OF SILLIMANITE AND MULLITE 

Sillimanite Mullite 
Form Orthorhombic Orthorhombic 
Prism angle 110 A 110 88°15’ 89°13’ 
Per cent SiO, 36.8* 
Per cent Al,O; 62.9* 73.0* 
Index of Refraction y 1.677 1.654 
Index of Refraction @ 1.657 1.642 
Cleavage parallel to O10 O10 


* Average values 


Several other investigators have reported a chemical composition of 
the artificial compound which differed from the natural but the work of 
Bowen and Greig is unquestionably the most precise. 

It was the purpose of the present investigation to compare the X-ray 
diffraction pattern of natural sillimanite with those obtained from the 
artificial compounds prepared in a number of different ways. The X-ray 
diffraction pattern produced by a crystalline material is characteristic of 
the arrangement of the atoms of the material and no two different materials 
have yet been found which give identical patterns. 


Method 


The method employed for the examination of the crystal structure of 
the alumina-silica compounds is that of Hull.” The atoms of a crystal 
are arranged in space according to a definite pattern and this pattern is 
repeated throughout each crystal grain. It has been found that X-rays 
are diffracted by the regularly arranged atoms in such a fashion that a meas- 
urement of the angles of the diffracted beams makes it possible to calculate 
the actual distance apart of the atoms, and the way in which they are ar- 
ranged. It is necessary in order to obtain a diffracted beam from a crystal, 
that the axes of the crystal make certain definite angles with the X-ray 
beam, and to this end the method of Hull employs a sample composed of 


1 Bowen and Greig, ‘““The System Al,O;-SiO2,’’ Jour. Amer. Ceram. Soc., 7 {4}, 
238 (1924). 
2 Hull, ‘“‘A New Method of X-Ray Crystal Analysis,’’ Phys. Rev., 10, 661 (1917). 
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very fine crystal grains arranged in a perfectly random or chaotic fashion 
so that there are grains of every possible orientation with respect to the 
original beam. It is thus possible to record on a photographic film all the 
diffracted beams at one time and such a record is known as the diffraction 
pattern of the particular sample. A detailed account of this process has 
been ably set forth in the very excellent work of R. W. G. Wyckoff.' 

The apparatus employed for obtaining the diffraction patterns was the 
General Electric Company’s X-ray diffraction apparatus which has been 
described by W. P. Davey.* The characteristic radiation of molyb- 
denum is used as the X-ray beam and a film holder 8 inches in radius gives 
a good separation between the diffraction lines on the film. 

A number of different methods of mounting the sample of crystalline 
material have been employed. Because of the construction of the instru- 
ment, it is necessary to allow the size of the sample to determine the width 
of the diffraction lines on the film and the usual manner of mounting is to 
grind the sample very finely and place it in a small glass tube. Two other 
methods were employed in this investigation, one consisting of grinding a 
portion of the fused sample to a blunt chisel edge and mounting in the film 
holder in such a manner that this edge was in the center of the X-ray beam 
and also the center of the cylinder on which the film was wrapped. Under 
proper conditions of cooling, the fused sample contained fine crystal grains 
in random orientation. The other method consisted of grinding the sample 
to a very fine powder, mixing it with some non-crystalline binder, such as 
glue, and depositing it thickly on the edge of a card. This card was 
mounted in the film holder as before. ‘The former method gave bright 
lines which extended nearly the whole length of the film, but they were 
rather broad. The latter method gave weaker lines but they were much 
more sharply defined, and could be measured with accuracy. An exposure 
of about 300-350 milli-ampere-hours was required for a good pattern. 


Results 
As a result of the examination of about 50 films, it has been found that 
the patterns given by mixtures of pure Al,O; and SiO, in the molecular 
proportions of 3:2 and 1:1 heated to temperatures from 1500° to 1850°C 
as well as samples of fused kaolin and other pure clays are alike and are 
identical with the pattern obtained from a sample of natural sillimanite 
from Norwich, Conn. 
The agreement was exact both in the position of the lines and in their 
relative intensities within the experimental error. The only exception was 
! Wyckoff, ‘The Structure of Crystals,’’ The Chemical Catalog Company, New 
York, #924. 
* Davey, ‘““A New X-Ray Difiraction Apparatus,’ Gen. Elec. Rev., 565, Sept 


(1922). 
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a sample of the 3:2 mixture which was heated to fusion in a carbon tube 
resistance furnace for a considerable time. It was thought that since 
silica is easily driven off under these conditions, the pattern would 
correspond to that of corundum. ‘The pattern was found to check exactly 
with the pattern given by fused c.p. Al,O; as well as fused bauxite and 
These re- 


diaspore whose crystalline component is chiefly corundum. 


sults are best shown by the following table: 


Sillimanite 


Spacing (A.U_.) 


Intensity 


TABLE II 


Spacing (A.1 


Artificial compound 


Intensity) 


3.45 Strong 3.44 Strong 
2.91 Faint 2.91 Faint 
2.69 Medium 2.72 Medium 
2.50 Strong 2.55 Strong 
2.43 Faint 2.38 Faint 
2.30 Very faint ' 

es Strong 2.22 Strong 
2.12 Medium 2.10 Medium 
1.70 Medium L.% Medium 
1.60 Medium 1.61 Strong 
1.57 Faint 
1.52 Strong 1.52 Strong 
1.45 Medium 1.45 Medium 
1.38 Faint 1.38 Faint 
1.33 Strong is Medium 
1.27 Medium 1.27 Medium 
1.25 Faint 1.24 Faint 
1.18 Faint 1.19 Faint 
1.14 Very faint 1.14 Faint 
1.12 Very faint 1.12 Very faint 
1.10 Medium 1.10 Medium 
1.05 Very faint 1.04 Faint 
1.01 Medium L.O1 Medium 


The spacings tabulated in the above table are the distances apart of the 
Each line on the 


planes in the crystal which produce the diffraction lines. 
The 


film corresponds to a certain distance between atoms in the crystal. 


-Plot of the spacings of Table IT. 


Natural Sillimanife 


Artificial Compound 


o——_ 


Fic, 1.- 


figures in the table are averages of a number of different films, and were 
recorded by three different observers. The agreement of the two sets of 


data is as close as would be expected of two different observers measuring 
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Al 


the same film. Figure 1 shows the diffraction lines of the two patterns 
plotted to scale. ‘The height of each line is a measure of its intensity. 
Figure 2 shows a comparison of some of the films. 


Conclusions 


‘The conclusion is drawn that the only compound of alumina and silica 
which is formed under the conditions of these experiments gives an X-ray 


diffraction pattern which is identical with 
natural sillimanite. This has been previ- 
ously observed by G. Shearer.'| From this 
it follows that the regularly arranged atoms 
in these two compounds must have exactly 
the same positions in space. Unfortunately, 
because of the great complexity of the 
pattern, it has not yet been possible to 
work out this arrangement, but it is hoped 
that this may be accomplished in the future. 
Some large single crystals with faces about 
'/, inch square would be very useful in this 
connection. If the regularly arranged part 
of the molecule of compound is the same in 
each case, the only way in which the differ- 
ence in chemical analysis which has been 
observed may be accounted for is by assum- 
ing that in the open spaces of the molecule 
there are placed additional silica or alumina 
molecules. These must be arranged at ran- 
dom for they do not give a diffraction 
pattern and there must be substantially the 
same number in different molecules of com- 
pound to account for the quite exact ration 
of 3:2 or 1:1 which has been found. These 
two conditions are almost contradictory. If 
such groups of atoms were present and 
arranged in a random manner they would 
cause considerable general scattering of the 
X-ray beam. This would produce a blacken- 
ing of the film at the lower end and no such 
effect has been observed. The only other 
conclusion is that the two compounds are 
identical and this is in direct contradiction 
of the accurate chemical analyses of Bowen 


Shearer, “X-Ray Investigation of China Clays,’ Trans. Cer. Soc 


23, 314 (1923-24). 
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and Greig. It seems as if the X-ray method of analysis was a more funda- 
mental method of determining the nature of a substance than a chemical 
method in this particular case because the results are properties of the 
crystalline phase only, and are not upset in any way by the amorphous 
glass in which these crystals occur or which they may include. 

It is not possible to tell from the results obtained so far, whether the 
fundamental lattice which gives the observed diffraction pattern cor- 
responds to the 3:2 or the 1:1 ratio. It is a simple matter to calculate 
where the diffraction lines should be if the space lattice of the crystal is 
known, but to reverse the process is not at all simple. Some measure- 
ments on single crystals are necessary before this problem can be solved. 
However, if the lattice constants are completely determined, comparison 
of the size of the unit cell of the lattice with that calculated from density 
observations should completely answer this still rather perplexing question. 

In closing, I wish to acknowledge the assistance rendered by C. L. Nor- 
ton, Jr., and E. R. C. Ward, in the course of this investigation. 


CHANGES IN THE CONSTITUTION AND MICROSTRUCTURE 
OF ANDALUSITE, CYANITE, AND SILLIMANITE AT 
HIGH TEMPERATURES AND THEIR SIGNIFI- 

CANCE IN INDUSTRIAL PRACTICE* 


By ALBERT B. PECK 
ABSTRACT 

Owing to their growing commercial importance in the manufacture of refractories 
and porcelain, the minerals of the sillimanite group (andalusite, cyanite, and sillimanite 
were investigated as to their decomposition products and volume changes between cones 
10 and 15. 

Petrographic-microscopic examinations showed that andalusite breaks down at cone 
13 into mullite and glass, while cyanite also breaks down into the same components 
but at cone 12. Sillimanite is not decomposed up to cone 15. The composition of the 
mullite was checked by chemical analysis. 

Andalusite shows almost no volume change at dissociation; sillimanite shows a 
slight expansion up to cone 15; cyanite shows a great expansion and disintegration at 
dissociation. 

The practical significance of the behavior of the minerals is discussed as well as their 
possibilities of use in ceramic ware. Andalusite could be used in the raw state; cyanite 
would require calcination before use, so that andalusite appears to be best suited for most 
bodies. 

Introduction 

As a result of heating at high temperatures or of fusion at atmospheric 
pressure, many aluminium silicate minerals including andalusite, cyanite, 
topaz, dumortierite, kaolin and others invert or break down into other 
substances. One product of this change is a crystalline compound which 
until very recently has been interpreted as artificially produced sillimanite 
with the composition Al,O3.SiO2., A knowledge of the conditions under 
which this alteration takes place is very important because of the use of 
some of these minerals in industrial processes. This is especially true 
of the trimorphous group of minerals, andalusite, cyanite and sillimanite, 
with which this paper is concerned. 

The compound Al,O0;.SiO2 is trimorphous forming a group of three min 
erals, andalusite, cyanite and sillimanite, generally referred to in the 
literature as the sillimanite group. These minerals, while of the same 
empirical chemical formula, differ crystallographically. Two of them. 
andalusite and sillimanite, are orthorhombic in crystallization forming 
somewhat similar crystals which, however, can be differentiated by accu- 
rate measurement of their interfacial angles. The third mineral, cyanite, 
is triclinic, having a typical crystal form and certain very distinctive 
physical properties. The optical constants of these minerals, however, 
allow complete differentiation to be made. 

From the geological standpoint, the type of rocks in which these minerals 
occur, leaves no doubt that they have been formed under different con- 


*Recd. May 29, 1925. 
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ditions and that they therefore might be expected to react differently 
when heated. In nature sillimanite is apparently more stable than 
cyanite and andalusite toward heat. This has also been observed to be 
the case under the artificial conditions of the laboratory. 

A crystalline constituent having optical proper- 
ties very similar to sillimanite has been observed 
as one of the components of many ceramic wares 


Industrial Aspect 
of the Investigation 


for a long time. This constituent has usually been referred to as “‘arti- 
ficial sillimanite.’’ It was alsoa commonly known fact that the good quali- 
ties of many porcelains were due, at least in part, to the formation of this 
compound. Accordingly, the development of any method or the use of 
any material which increases the amount of this compound in the ware 
necessarily becomes of great value in industrial practice. 

For some years, therefore, the manufacture of special types of porcelain 
has tended toward the formation, during firing, of an increasingly higher 
content of “artificial sillimanite.’”’ Bowen and Greig! have recently 
shown, however, that its composition is not the same as natural sillimanite 
(Al,0;.SiO2) as previously supposed but rather is 3A1,03.2Si0O2.. Their 
work showed that the two compounds are not only similar chemically 
but also strikingly similar optically. 

“Artificial sillimanite’’ as produced in ceramic ware usually results from 
molecular changes taking place in clay under the influence of heat and vari- 
ous fluxes. The highest content of ‘‘sillimanite’’ has been developed by 
introducing into the unfired body artificially prepared ‘‘sillimanite’’ 
in the form of a calcine or the product of direct fusion. Although this 
method has been in use for several years in the manufacture of spark plug 
porcelains, it was of course an expensive way to obtain the desired 
end. 

In order to eliminate the necessity of making an “‘artificial sillimanite’’ 
to be introduced into the body, the logical procedure was to attempt to 
employ one of the natural AlSiO; compounds, namely, andalusite, cyanite 
or sillimanite. However, the difficulty of obtaining any of these minerals 
in sufficiently large quantities and in a pure state was not overcome until 
recently when a large deposit of andalusite was located in California. It 
was then possible to substitute the natural material for the “artificial 
‘sillimanite.’’ Undoubtedly andalusite will be used in the future for other 
purposes as well. 

As a result of the discovery of this new deposit, a knowledge of the tem- 
peratures or points at which the different members of the sillimanite group 
break down is important from the industrial standpoint in three ways. 


1N. L. Bowen and J. W. Greig, “The System AlsO;—-SiO2,’’ Jour. Amer. Ceram 
Soe., 7 [4], 938 (1924) 


AND SILLIMANITE AT HIGH TEMPERATURES 409 


First, it is desirable to know in each instance what products are formed 
as a result of the breakdown of these minerals. This must be known in 
order to approach other problems more intelligently. 

Second, it is also important to know (a) at what temperature decompo- 
sition is complete; (>) whether this point is reasonably stationary and the 
breakdown sharp; (c) whether the breakdown is slow and persists over a 
range of temperature. 

Third, because of accompanying volume changes in the material at its 
decomposition point, these changes as well as the actual point of breakdown 
are important. In order that volume changes may be fully stabilized it 
is necessary to carry the firing of the ware well beyond the decompo- 
sition point, especially if the volume change is large and takes place slowly. 

A review of the literature reveals the fact that 
the investigations of the effect of heat upon minerals 
of the sillimanite group range from simple descriptions of the loss of color 
of the minerals when heated in the blow-pipe flame, to various attempts 
to form the minerals synthetically. The most recent work of this kind 
is that of Bowen and Greig upon the revision of the system AlsO;.SiO, 
and the true nature of the compounds formed in the breakdown of 


Review of Literature 


sillimanite. 

Apparently no attempt has been made to correlate the changes involved 
with practical ceramics except in the work of Bowen and Greig. This is 
no doubt due to the fact that only quite recently have any of the minerals 
of the sillimanite group been used in the manufacture of ceramic ware. 
To be sure, the presence in ceramic bodies of what has been called silli- 
manite has been known for a long time, but this substance has developed 
as a by-product of the molecular decomposition of clay and has recently 
been shown by Bowen to be not “‘sillimanite’’ but actually a compound of 
the composition 3A1,03.2SiO2. For some years so-called ‘‘artificial silli- 
manite’’ has been manufactured from its oxides or from clay for subse- 
quent use in ceramic ware.? ‘This “‘sillimanite,’’ however, is a synthetic 
product which should not be confused with the natural minerals. 


Methods Used and the Changes Involved 


In the study of the effect of heat upon minerals of the sillimanite group, 
three general methods of attack appear to have been used. ‘These methods 
may be designated as physical, physical-optical, and physical-chemical 
optical. A fourth method (chemical-optical) does not appear to have been 
used in investigations of changes in the natural minerals although it has 
been used extensively in the study of artificially formed ‘‘sillimanite.”’ 

2 A. V. Bleininger and F. H. Riddle, “Special Spark Plug Porcelains,’’ Jour. Amer 
Ceram. Soc., 2, 564 (1919). 
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Vernadsky* summarizes excellently the various attempts of investigators 
up to 1SS9. 

This represents the earliest type of study and 
consists largely in simply recording observations 
of the loss of color and of the whitening effect of minerals when subjected 
to the blow-pipe flame. This of course represents a very crude method of 
determining what changes had taken place; in fact, there seems to be no 
evidence that there was any serious effort among the earliest observers to 
follow the matter further. j 

According to Vernadsky, Saussure,* who first found and described cy- 
anite, observed that needles of cyanite, “losing to fire their color, whatever 
it may be, change to a dull white. They show a granular texture which 
renders them somewhat fragile.” Many others make practically the same 
statement. Some ascribed the change to the decomposition of pigments 
and minerals included in the cyanite. Laugier? and Erdmann‘ reported 
losses in weight, sometimes as high as 0.61%. Vernadsky confirmed 
this and interpreted the loss in weight as possibly indicating that the change 
may in part be due to the loss of some volatile constituent. 


Physical 


Many mineralogists record that andalusite does not lose its original 
compactness but simply whitens. The same is true of sillimanite. 

This method makes use of alterations taking 
place, under the influence of heat, in the physical 
properties such as hardness and specific gravity. These alterations are 
further supplemented by changes in optical properties. 

Vernadsky used a method of this character in his work on cyanite. He 
found that first, the average hardness of the mineral increased slightly; 
second, the specific gravity diminished markedly; and third, the frag- 
ments showed distinct changes in optical properties. Curiously enough 
he does not appear to have observed the optical property which is 
generally considered most important of all, namely, the index of refrac- 
tion. Asa result of this work Vernadsky was able to make the state- 
ment that “heated to a determined temperature (about 1200—1330°C), 
cyanite changes to another mineral which is probably sillimanite.”’ 
Apparently he had no way of accurately controlling the temperature 
in these experiments, hence the wide range of temperature mentioned. 
He also states that sillimanite, and probably also andalusite, is stable at 
this temperature. 


Physical-Optical 


3 W. Vernadsky, ‘‘Note sur l’influence de la haute temperature sur le disthene,”’ 
Bull. Soc. Fr. Miner., 12, 447-56(1889). 

Saussure, ‘‘Voyage dans les Alpes,’ 4, 84-5, Neuch. (1796). 

5 Laugier, ‘‘Analyse de disthene du St. Gothard,’”’ Ann. du Mus., 5, 13 (1804). 

6 Erdmann, ‘‘Undersokning af nagra Lerjordssilikater,’’ Sv. Akad. Vet. Handl., 
24 (1843). 
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Much credit for the development of this method 
as a means of investigation belongs to the staff of 
the Geophysical Laboratory of the Carnegie Insti- 
tution. The method is essentially synthetic. It involves building up 
the various binary and ternary compounds from their oxides, and deter- 
mining all important optical and physical properties, such as melting points 
of compounds and eutectics, dissociation points, inversion points, and so 
forth. Thus, the effects of variation in temperature and chemical compo- 
sition are not only very accurately controlled but they are also supple- 
mented by petrographic-microscopic examination. 


Physical-Chemical- 
Optical 


Although this method was originally designed as a basis for further de- 
tailed study of petrologic problems from the standpoint of pure science, 
experience has shown that many of the methods developed and the results 
obtained by the above investigators can be applied to industrial, especially 
ceramic, problems either in explanation of existing conditions or as aids - 
in research. Their work on the system Al,O;-SiO, has an important bear- 
ing in this connection. 

One of the earliest investigations using the physical-chemical-optical 
method was conducted on the system AlO;-SiO2.’? The results of this 
work seemed to indicate that there was only one compound of Al,O; and 
SiOz, namely, Al,O3.SiO2, corresponding in most of its optical properties 
to the natural mineral sillimanite. Certain minor discrepancies somewhat 
difficult of explanation were observed. Thus, it was never possible to 
obtain the compound in a perfectly pure state, small amounts of glass 
always being present. Also the refractive indices of the artificial crystals 
were distinctly lower than those of the natural mineral. Owing to the 
fact that chemically pure oxides were used, the observed optical properties 
were probably assumed to represent the true. constants of the synthetic 
compound Al,O3.SiO2, although they were quite different in some respects 
from those of natural sillimanite. Variations in the natural mineral were 
thought to be due to impurities. The presence of glass was explained 
by the high melting point of the compound, since, because of the high 
temperature at which it began to crystallize and on account of the appar- 
ently rapid rate of crystallization, some glass might easily be included 
between the fibrous crystals. 

At the same time these investigators verified Vernadsky’s statement 
that at high temperatures both andalusite and cyanite undergo changes 
to another form, probably to sillimanite. The exact temperatures of the 
changes were not definitely determined, except that they are somewhere 
between 1150° and 1500°C. Various fluxes apparently decomposed the 


7 Shepherd, Rankin and Wright, ‘“The Binary Systems of Alumina with Silica, 
Lime and Magnesia,’”’ Am. J. Sci., 28, 302 (1909) 
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minerals before the change took place. They were not, however, able 
to verify the statement that when andalusite undergoes this change an evo- 
lution of heat occurs. 

The work on the system Al,O;—SiO2 was quite generally accepted until 
recently when Bowen and Greig in a revision of this system showed that 
the former conception was inaccurate, and that although there was but 
one compound formed between AlsO; and SiQOs, it is not but 
rather 3AleO3.2SiO02. From the melt of mixtures of the two oxides in these 
proportions only one component results, which is entirely crystalline and 
possesses the optical constants previously assigned to the “‘sillimanite”’ 
of the earlier work on the same system. The establishment of this fact 
immediately explained the discrepancies in the earlier study, such as the 
lower refractive indices of the so-called artificial sillimanite and the pres- 
ence of excess glass in the melt of the 1:1 mixture. 

Furthermore, Bowen and Greig showed that at 1545°C natural silli- 
manite melts incongruently and breaks down into 3Al,03.2SiO2 and excess 
siliceous glass. At the same time they examined the ‘‘sillimanite’’ which 
had been produced in ceramic ware of various kinds and found that in each 
case it was not AlgO;.SiO2 but the new compound 3Al,03.2SiO2. Subse- 
quently this new compound was also found to exist in certain fused ar- 


‘ 


gillaceous rocks and was given the name mullite.* Thus, although the 
compound Al,O3.SiO2 exists in nature in three different crystalline forms, 
none of them have yet been produced in the laboratory. 


Sillimanite and Mullite in Ceramic Ware 


As already pointed out, the presence of a crystalline compound, having 
properties very similar to those of sillimanite, has been recorded in ceramic 
literature for about fifty years. Since its presence was first noted, the 
occurrence of this compound in ceramic bodies has been studied from many 
angles. Its importance in lending valuable properties to the ware has 
become recognized more and more until recently a microscopic description 
of a ceramic body was not considered complete without some reference to 
the so-called sillimanite. 

Behrens’ was apparently the first to make a microscopic study of porce- 
lain, the results of which were published in 1873. He stated that the 
groundmass of molten feldspar undergoes devitrification, and that the 
material which separated from the groundmass dissolved in hydrofluoric 
acid less readily than the quartz and glass present. He did not identify 


8 Bowen, Greig and Zies, ‘‘“Mullite, A Silicate of Alumina,’ J. Wash. Acad. Sci., 
14, 183 (1924). 

°H. Behrens, “Ueber das porcellan und einige verwandte * entglasserungspro- 
duckte,’’ Pogg. Ann., 150, 386 (1873). 
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the crystals, but his description of their insolubility suggests crystals of 
“‘sillimanite.”’ 

In a microscopic study of porcelain, Hussak in 1889!° described the pres- 
ence of needle-like crystals, very minute and weakly doubly refracting, 
resembling sillimanite. Mellor"! in 1907 reported “‘sillimanite’”’ in Chinese 
and Berlin porcelains. 

Plenske'? in an elaborate study of porcelains, published in 1908, noted 
that porcelains could be divided into groups according to the presence or 
absence of crystalline products in the groundmass. Furthermore, he 
observed that “‘sillimanite’’ might also be present in masses of exceedingly 
minute grains which were apparently amorphous. Plenske also believed 
that the crystalline ‘‘sillimanite’’ was formed by devitrification of the glassy 
groundmass. 

Zoellner,'* also in 1908, identified optically the occurrence of ‘‘silliman- 
ite’ in porcelain, and also separated the crystals by hydrofluoric acid. He 
found that the ratio of AlO3:SiO2 was 1:1. He believed that the ‘‘silli- 
manite’’ was formed by a molecular change in the clay in the body and 
not through devitrification. 

More recently in 1916, Klein'* made a detailed study of various types 
of porcelain and the relation of the development of ‘‘sillimanite’’ in them 
to the temperature of firing. Riddle’ in 1919 also described the pres- 
ence of “‘sillimanite’’ and its relation to various fluxes and fine grinding. 
Of recent years reports of the development of ‘‘sillimanite’’ in porcelains 
have become very numerous. 

““Sillimanite’”’ has also been reported in other ceramic bodies besides 
porcelain. In 1890 Vernadsky"* called attention to its formation from the 
heating of clay. In 1919 Cox"? claimed to have found it in fire clay ex- 
posed to a high temperature for a long period, although the chemical 
analysis which he gave did not indicate a ratio of 1:1 for the constituent 


'0 KE. Hussak, Sprechsaal, 153 (1889). 

J. W. Mellor, ‘‘SSome Chemical and Physical Changes in Firing Pottery,”’ 
Soc. Chem. Ind., 26, 375 (1907). 

12. Plenske, ‘Ueber mikrostruktur und bildung des porzellans,’’ Tonind. Zig., 
1343 (1908); Sprechsaal, 41 [Nos. 20, 21, 22] (1908). 

13 A. Zoellner, ‘Zur frage nach der chemische-physikalischen natur des porzellans,”’ 
Chemische Industrie, 212 (1908). 

14 A.A. Klein, ‘‘Constitution and Microstructure of Porcelain,’’ U.S. Bur. Stand., 
Tech. Paper 80 (1916). 

15 F, H. Riddle, “‘Further Studies of Porcelain,’’ Jour. Amer. Ceram. Soc., 2, 812 
(1919). 

16 W. Vernadsky, “Sur la reproduction de la sillimanite,’’ Bull. Soc. Fr. Miner., 
13, 256-71 (1890). 

17 A. H. Cox, ‘““Note on Some South Staffordshire Fire Clays and Their Behavior 
on Ignition,’’ Geol. Mag., 5, 61 (1918 
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oxides but was more nearly 3:2, namely, that of mullite. Mellor'® at 
various times has reported its formation in fire brick. Many references 
might also be given in which its presence in glass is reported. In these 
cases its formation is believed to be due to the decomposition of clay from 
the tank or pot walls by the glass. 

' However, as already mentioned, it remained for Bowen and Greig to 
point out that the “‘sillimanite’’ in all the bodies examined by them was not 
of the composition AlO3.SiO2, but 3Al,03.2SiO2, now called artificial 
mullite. They were also fortunate in obtaining from an outside source 
some well crystallized 3Al,03.2SiO2, which was used to measure accurately 
both the crystallographic and optical constants and to show its very close 
similarity to natural sillimanite. 


Present Investigation 

The purpose of the present investigation is not 
to establish the exact temperatures at which anda- 
lusite, cyanite, and sillimanite undergo change but rather to establish, 
first, the nature of the resulting product; second, the points at which de- 
composition takes place, and whether this decomposition is a sharp change 
or covers a range of temperature; third, the character of the accompanying 
volume changes. Any of these changes, when produced under industrial 
conditions, may take place at quite different temperatures than under the 
more exactly controlled conditions of the laboratory devoted to pure science. 
Owing to the accurate and detailed information 

Method Used 
available on the compounds developed in the sys- 
tem Al,O3;-SiO2 as worked out at the Geophysical Laboratory, the method 
used for the preparation of the samples and later identification of the re- 
sulting products was comparatively simple, involving four steps as follows: 
1. Powdered samples of the raw materials were first fired to prede- 


Purpose 


termined temperatures in open crucibles. 

2. A careful petrographic-microscopic examination of each of these 
firings was made, using the method of immersed grains. 

3. The crystalline products formed from andalusite and cyanite were 
analyzed chemically, affording evidence in addition to the work of Bowen 
and Greig on sillimanite. 

1. Determinations were made of the changes in specific gravity between 
the unfired and fired minerals. 

The kiln in which the minerals were fired is a 
large laboratory kiln designed by the Champion 
Porcelain Company, for research work and for the accurate reproduction of 
conditions in full sized kilns. It is of the down-draft type. 


Firing 


18 J. W. Mellor, loc. cit. (11); “Some Notes on the Action of Heat on Fire Clays,” 
Clay and Pottery Industry, 909-15. 
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In overall size it is 8 feet high, 6 feet wide, and 4 feet 6 inches deep. 
The chamber is 3 feet 6 inches high, 3 feet 6 inches wide, and 1 foot 61/2 
inches deep, and has a capacity of seven 15-inch by 5-inch saggers. 

Thermoelement pyrometer control is provided through several openings. 
Cone 32 may be fused in this kiln. 

The minerals were fired in small open crucibles each containing about 
five grams of material. Two series of firings were made, after the manner 
of draw trials. The first series of drawings was started at cone 8 and con- 
tinued every two cones thereafter inclusive of cone 16. Orton cones were 
used. 

The microscopic examination of these firings showed that no changes 
were to be observed in the minerals below cone 11, and further that in an- 
dalusite and cyanite the changes were completed between cones 12 and 14. 
Sillimanite, however, showed no decemposition even at the highest tem- 
perature. 

Having thus established the upper and lower limits of the changes in 
andalusite and cyanite, a second series of draw-trials was made from cones 
10 to 15 inclusive, with samples taken at every cone. It was on these 
samples that the petrographic-microscopic examinations described later 
were carried out. 


Observations on the Material Used 


A. Andalusite 


The andalusite which was used in these firings came from the mine owned 
by the Champion Porcelain Company and located on White Mountain of 
the Inyo Range, Mono County, California. A complete description of the 
crystallography and mineralogy of this andalusite has been given else- 
where.'® 

Since the andalusite, as received from the mine, is in the form of large 
fragments, it was necessary to crush it and then to grind the coarse gran- 
ules without water to a fine powder in a pebble mill. As it was not desired 
to use the material in a body, and as grains of any size could be studied on 
the microscope slide, no attempt was made to screen and size it. The 
powder consisted of about 80% andalusite with minor amounts of pyro- 
phyllite, mica, corundum, and rutile. 

The above powder, after being fired as previously 
indicated, was subjected to a careful petrographic- 
microscopic examination with results which follow. 

At cone 10 the only apparent outward change is a slight consolidation 
of the powder into a firm but quite brittle mass. The microscopical ex- 


Effect of Firing 


19 A.B. Peck, ‘‘Note on Andalusite from California; a New Use and Some Thermal 
Properties,”’ Am. Mineral., 9 123-9 (1924). 
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amination shows no change in the andalusite grains. They still remain 
clear and retain all their original optical properties. 

The plates of mica have decomposed into masses of exceedingly minute 
rounded grains embedded in a glassy matrix, and are quite similar in ap- 
pearance to the products of the 
breakdown as it first occurs in 
kaolin upon hard firing. These 
granular masses show no double 


refraction and both constituents 
are too fine-grained to identify. 
At cones 11 and 12 there still 
is no outward change in appear- 
ance, nor is there any change in 
the optical properties of the 
andalusite grains. Due to the 
higher temperature of firing, the 
Fic. 1.—Andalusite, cone 12. Note the clear plates of mica show the grains 
unaltered grains. The black grains are mica 
which has decomposed. Magnification 90. 


resulting from the breakdown to 
be somewhat enlarged. Some 
of these grains are slightly elongated, the long direction being perpendicular 
to the original cleavage of the mica. Although they are still too minute 
for complete identification, their optical elongation can be determined as 
negative. (Figs. 1 and 2.) 
With an increase to cone 13, 
the mass in the crucible is a 
distinctly firmer body than in 
previous firings, a slight amount 
of sintering having taken place. 
Microscopically, the andalus- 
ite also is noticeably altered, 
about half the grains showing 
the changed character. As is 
to be expected, most of the 
smaller grains are decidedly = 
altered while the larger ones Fic. 2.—Same field as Fig. 1 taken with crossed 
nicols. Note the strong double refraction of the 


may be only partially affected 
and even in some cases entirely 
unaffected. The change in the andalusite fragments is apparently due to 
a breakdown into two components. One of these is crystalline and more 
abundant, while the other is a glass and minor in amount. 

The crystalline component occurs as elongated crystals parallel to each 
other throughout the whole grain where it is completely decomposed, 
so that extinction between crossed nicols is complete over the whole grain 


andalusite. 
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at the same time. Optically the indices of refraction are y = 1.657 and 
a = 1.643. The elongation is positive. On account of the small size 
of the crystals, other optical properties could not be determined. ‘These 
facts indicate that the crystalline compound formed is artificial mullite, 
3A12,03.2Si02, described by 
Bowen and Greig, and which 
they determined to be the de- 
composition product resulting 
from the heating of natural silli- 
manite above 1545°C. As 
already indicated, this com- 
pound heretofore supposed to 
be artificial sillimanite was also 
found by them in ceramic ware. 
(Figs. 3 and 4.) 

The second component is 
isotropic in character and non- Fic. 3.—Andalusite, cone 13. Note that 
crystalline as far as can be deter- ™@"Y of the grains are clouded and have a some- 


mined. It is apparently a glass. 


what fibrous appearance due to decomposition 


with the formation of fibrous crystals of mullite 
Its refractive index is slightly with interstitial glass. Magnification 90. 


variable, depending probably 
upon the character of the impurities present, and which have been taken 
into solution. In general the index is near 1.54. As pointed out by 
Bowen and Greig, this glass is 
probably very siliceous in com- 
position. 

As previously mentioned, not 
all the grains are decomposed to 
this mixture of crystals and 


glass. The change can some- 
times be observed at an inter- 
mediate stage where grains show 


a fringe of parallel crystals 
around the outer edges with an 
unchanged center. The crystals 
Fic. 4.—Andalusite, cone 13. The grain in jn the fragment are not formed 
the center of the preceding photograph magnified as radiating crystals but they 
to 315 times, showing the detail of the parallel - 
fibers of mullite extending across the grain. 


are parallel throughout, with- 
out regard to the part of the 
grain in which they occur. The border consisting of crystals and glass 
does not have a definite boundary but passes irregularly and imper- 
ceptibly into unaltered andalusite at the center. Of interest also is 
the fact that the crystals which have formed in the andalusite grain, 


| 
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are of opposite optical orientation from the original grain. (Figs. 5 
and 6.) 

Heated to cone 14 the powdered mass shows an increased firmness but 
is still not solid. The microscopic examination indicates that the decom- 
position is complete in all of the 
smaller grains of andalusite and 
in most of the larger ones. ‘The 
smaller grains show crystals of 
mullite which are slightly larger 
than those formed at cone 13. 
A few of the largest grains still 
possess unchanged centers with 
crystal borders, but these are 
uncommon. (Fig. 7.) 

At cone 15 it is apparent that 


every grain is decomposed, even 


Fic. 5.—Andalusite, cone 13. Showing a the largest and coarsest. 


grain having a decomposed border of fibrous 
crystals and glass, with a clear unaltered center. 
Magnification 315. he cyanite used in these 


B. Cyanite 


burns was obtained from 
Charlotte Court House, Virginia. Although the material is composed 
largely of cyanite, considerable amounts of quartz and a little muscovite 
mica are present as admixtures. 
Before being used commercially 
the crude material would prob- 
ably require treatment to 
eliminate most of the quartz 
and mica, but for the purposes 
of the present work this was 
unnecessary. 

Before firing, the material 
was ground to a powder but was 
not screened to any definite size, 
following the same procedure 


as with andalusite. This, how- Fic. 6.—Same field as Fig. 5 taken with crossed 
nicols. Note the strong double refraction of the 


ever, did not affect the results 


‘ : unchanged center and weaker double refraction 
as grains of the same size were 


of the fibrous border. 
considered in each case. 
ais Since all three members of the group were fired 
Effect of Firing 
together the conditions were the same for cyanite 


as those described for andalusite. 
At cone 10 the powder retains its slightly bluish green color. The cleav- 
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age surfaces of the larger grains can still be seen to be smooth and bright. 
The mass shows a very slight cohesion such as was noted in the correspond- 
ing burn of andalusite. 

When examined microscopically no change in the optical properties of 
the fragments can be detected. They are still the same flat, straight- 
edged fragments, sometimes 
showing step-like terminations 
and cleavage cracks as in the 
unfired material. (Figs. 8S and 
9.) The small amounts of mica 
present appear the same as in 
the andalusite fired at cone 10. 

At cone 11 there is still no 
outward change in the powder. 


Cleavage surfaces are bright and 

smooth for the most part, and ?.; 

the faint bluish color is present. . 
Slight changes in microstruc- Fic. 7.—Andalusite, cone 14. Showing all 


ture appear to have commenced. &fains to be decomposed to aggregates of parallel 
fibers as contrasted to the partial decomposition 
of some of the grains in the cone 13 burn, Fig. 3 


Some fragments show the de- 
velopment of a few scattered 
fibrous crystals. ‘These are simi- 
lar in appearance to those formed in andalusite but are too far under- 
developed to make identification certain. Cleavage cracks in the fragments 
are somewhat more numerous, 
especially those perpendicular 
to the length of the grain. 
These are no doubt due to the 
expansion of the fragments 
under the influence of increasing 
temperature. The above evi- 
dence, though slight, suggests 
that a point is being approached 
where marked changes will take 


Magnification 165. 


place. 
When fired to cone 12, the 
Fic. 8.—Cyanite, cone 10. Note the clear powder loses some of its color 
undecomposed grains and cleavage cracks. The gnd assumes an external appear- 
black grains are mica as in Fig. 1. Magnification 
ance slightly different from that 


90. 
of the preceding burn. Smooth, 


glistening cleavage surfaces are also less common. ‘The microscopic 
decomposition is far more pronounced than would be suspected from 
the appearance of the powder alone. The fragments have broken up into 
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irregular areas of crystals showing double refraction but these areas do not 
extinguish together. Onlv the largest grains show unchanged centers with 
altered borders. The small fragments show fibrous areas of elongated 
crystals, these areas being oriented in all directions and forming inter- 
locking aggregates of needles. 
Hence, the fragments have a 
peculiar mottled appearance be- 
This is 


tween crossed nicols. 
in distinct contrast to the 
marked parallelism of the 
crystals developed from andalu- 
site. The crystals formed from 
cyanite have between them, as 
in andalusite, an amorphous, 
glass-like substance. The re- 


fractive indices of the crystals 
Fic. 9.—Same field as Fig. 8, showing the are y = 1.655 and a = 1.642. 
strong double refraction of cyanite. The glass has an index of 1.54. 
The elongation of the crystals is 
positive. As in the case of andalusite, other optical properties are not 
obtainable because of the small size of the crystals. Thus, from all 
indications »ptically both the 
crystals and the glass are the 
same components as are formed 
during the breakdown of 
(Figs. 10 and 11.) 

At cone 13 there is a very 
pronounced external change in 
the powder. It becomes dull 
white in color and loses much of 
the slight cohesion it previously 
had. A large fragment fired 
along with the powder became 


andalusite. 


dull white in color and very 
brittle, breaking downinto 
many fragments during firing. 
These fragments when touched 
lightly, in turn crumble to a 
fine powder. This is due as 


Fic. 10.—Cyanite, cone 12. Showing at high 
magnification the intimate detail of a grain of 
decomposed cyanite. Note that the fibrous 
crystals are not parallel as compared to those in 
decomposed andalusite (Figs. 3 and 4), but are 
intricately interlocking. The clear grain is 
quartz. Magnification 315. 


pointed out by Vernadsky* to a pronounced expansion in volume and a 
decrease in specific gravity accompanying the change in constitution. 


*W. Vernadsky, ‘Note sur I’ influence de la haute temperature sur le disthene,”’ 


loc. cit 


ss. 
| 
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The microscopic examination reveals that the breakdown, which was 
well started at cone 12, has been entirely completed on the largest frag- 
ments. It shows, however, a more complete and definite development of 
variously oriented areas of mullite crystals and glass, and also that in many 
instances firing to the higher temperature has served to increase the size 
of the crystals. 

No further marked change from cone 13 is apparent either externally 
or microscopically, at cones 14 or 15. In each case there is a tendency to- 
ward further growth in the size of the mullite crystals formed. 


C. Sillimanite 

The sillimanite used in firings covering the same range as those of anda- 
lusite and cyanite, was obtained from a recently reported Indian deposit, 
presumably from the Khasia Hills of Assam.*° 

It was used in the form of a fairly coarse powder with a grain size some- 
what greater than the cyanite. The material was rather pure, consisting 
of irregular grains with an internal fibrous structure. Only a small amount 
of muscovite mica, quartz and iron oxides were present as impurities. 

The firing was carried out in the same manner 
as for the other two members of the group. 

As Bowen and Greig have 
pointed out, sillimanite does not 
decompose until a temperature 
of 1545°C has been reached, and 
since the maximum cone of the 
present series was only cone 15, 
no changes in structure were 
anticipated but the mineral was 
included mainly for the purpose 
of completeness. 

At all cones including cone 15 
the material remained a loose, 
incoherent sand, no hint of Fic. 11.—Same field as Fig. 10 taken with 


sintering being observed. "There crossed nicols. Note the mottled appearance 
of the large grain in the center, due to variously 
oriented groups of fibers. Some are m extinction 


Effect of Firing 


was no external change in the 
grains. 

Under microscopic examina- 
tion no decomposition could be detected even at cone 15, the grains at all 
times retaining the optical properties of sillimanite, losing none of their 
original structure, and showing no signs of a breakdown similar to the 


while others are light. 


other two members of the group. 


20 Anon., “‘Sillimanite: A High Grade Refractory,” Bull. Imperial Inst., 21, 383 
(1923); through Ceram. Abs., 3 [1], 15 (1924) 
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Chemical Composition of Artificial Mullite 


Although Bowen and Greig did not analyze the artificial mullite crystals 
which were developed by heating natural sillimanite, they did show that 
these crystals had the same optical properties as pure artificial mullite. 
They also separated and analyzed crystals produced in the firing of various 
types of ceramic ware, and showed that these too were the same as mullite 
except that small amounts of Fe,O; and TiO. which had been taken into 
solid solution increased the indices of refraction of the crystals noticeably 
and also produced a violet or pink pleochroism. 

Since the optical properties of the crystals formed by the dissociation of 
andalusite and cyanite are very similar to those of mullite, chemical 
analyses of them were made. The chief obstacle encountered in deter- 
mining the composition of these crystals was due to their very minute size. 
This not only renders it difficult to free them from the admixed silica glass 
but appears to make the crystals themselves very susceptible to decom- 
position in cold hydrofluoric acid. 

In the preliminary examination the crystals were exposed to cold hydro- 
fluoric acid for one week, the fired material having been previously ground 
to a very fine powder. This treatment resulted in the complete decompo- 
sition of the crystals as well as the silica glass. Finally the method used 
by Vernadsky and adapted by Bowen® was followed, allowing the powder 
to stand in 25% hydrofluoric acid overnight at room temperature. After 
the crystals were freed from excess acid by repeated decantations, they 
were finally filtered off. Treated in this manner both the andalusite 
and cyanite firings gave fairly pure residues of mullite crystals. The former 
contained appreciable amounts of corundum, some undissociated andalusite, 
rutile and a little glass, while the latter showed a little decomposition of 
the crystals and a very little corundum. 

The results of the chemical analyses given in the table below confirm the 
optical evidence. 


Composition of mullite crystals formed from 
“Theoretical for 
Andalusite Cyanite 3Al203.2SiO2 
SiO, (corrected) 31.98 37 .37 28.2 
Al,O; (corrected) 68.02 72.63 71.8 
Corundum 1.50 1.39 
Rutile 


Thus, it is quite apparent that the agreement between the analyses and 
the theoretical composition is sufficiently close to warrant the composition 
of the crystals being placed at 3Al,03.2SiO2. The more siliceous character 
of those obtained from the andalusite firing is mainly due to the presence 
of some andalusite which was not entirely decomposed during firing. 


8’ Bowen, Greig and Zeis, loc. cit. 
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There does not appear to be any method at present to determine andalusite 
separately, as can be done for corundum and rutile. The low SiO, in those 
from the cyanite is probably due to slight decomposition previous to 
analysis. 

Attention is called particularly to the fact that TiO, is present as rutile 
and is not in solid solution in the mullite. This accounts for the fact that 
the indices of refraction of the mullite crystals do not vary appreciably 
from those of pure synthetic mullite, nor do these crystals exhibit the 
characteristic pleochroism of mullite containing TiOs. 


Changes in Specific Gravity as a Result of Firing 
While very little change in volume was observed in the andalusite powder 
at its dissociation point, that which accompanied the dissociation of cy- 
anite was very pronounced. This was more apparent when a comparison 
of the unfired and fired powders was made, as shown in the following 
table. The standard pycnometer method was used. 
Specific gravity 


Unfired Fired to cone 15 


Andalusite 3.29 3.20 
Cyanite 3.59 3.09 
Sillimanite 3.15 2.92 


It is quite apparent that cyanite is most affected as a result of heating, 
while sillimanite is affected much less and andalusite least of all. 

The decrease in specific gravity in andalusite and cyanite is attributable 
directly to the dissociation. In sillimanite, however, no dissociation is 
apparent microscopically. The change, therefore, would seem to be due 
to the production of fine microscopic or submicroscopic cracks caused by 
the natural thermal expansion with increasing temperature or perhaps more 
likely still to volume changes in the associated minerals which were present 
in small amounts. 


Summary of Changes during. Firing 
The results of the changes in constitution, microstructure, and volume of 
the members of the sillimanite group when fired up to cone 15 may be 
briefly summarized as follows. 

, From the evidence furnished by the petrographic- 
Andalusite 
microscopic examination of the various firings, 
it is certain that under the conditions detailed, andalusite breaks down 
rather abruptly at cone 13, yielding a mixture of mullite and a siliceous 
glass. The resulting structure is one of parallel crystals extending through- 
out the whole area of a grain of the mineral, with interstitial glass. If 
the grain be rather large, the center may be unchanged with a fringe of 
crystals and glass around the outer edges. 
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The optical orientation of the crystals thus formed is opposite to that of 
the original grain. 

Firing to higher cones serves to enlarge the size of the crystals somewhat 
and to complete the breakdown of the larger grains. 

The volume changes are small, only a slight expansion taking place. 

The change in cyanite does not appear to be 
as abrupt as in andalusite. The increase in the 
cleavage cracks crossing the length of the fragments and the incipient 
formation of fibrous crystals seem to indicate that at cone 11 a point is 
being approached where marked changes will occur. These changes ac- 
tually occur at cone 12 but the microscopic changes are more pronounced 
than the megascopic appearance would indicate. 


Cyanite 


The same components are formed as in andalusite, namely, mullite and 
interstitial glass, but these constituents have developed an entirely differ- 
ent structure and relationship to the original grain from that observed in 
the andalusite. They occur in irregular areas, each grain frequently con- 
taining several crystal areas. In any one of these areas the crystals may 
be parallel to each other but of decidedly different orientation from that 
of the other areas in the same grain. Adjacent areas interlock more or 
less with each other. 

There is a very marked increase in volume at the dissociation point, 
much greater than that which takes place in andalusite. 

ones , Sillimanite shows no change megascopically 
or microscopically, inclusive of cone 15. This is 
in complete accord with the observations of Bowen and Greig. 

The volume change is not as great as in cyanite, but is greater than that 
of andalusite. Because no dissociation is observable microscopically, it 
seems probable that it is due in part to the formation of cracks produced by 
thermal expansion or to the associated minerals. 


The Significance of the Changes 


It has been shown that the minerals of the 
sillimanite group break down at certain points 
with accompanying mineralogical and volume 
changes. ‘This brings up a factor which is of extreme importance from the 
practical standpoint, that of monotropism and its relation to ceramic 


Monotropism and 
Ceramic Ware 


ware. 

If minerals undergo change or inversion to a different crystalline sub- 
stance of identical chemical composition when heated below their melting 
or disintegration points, the change may be of two kinds; that is, it may 
be a temporary or a permanent change. In the case of a temporary change, 
where the original crystalline condition returns when the mineral is cooled, 
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it is referred to as enantiotropic. If the change is permanent, the mineral 
is said to be monotropic in its reaction toward heat. In either case the 
change may be rapid or slow, a quality inherent in the substance itself. 
The Silica Minerals A classic example of enantiotropism and one 

which has a distinct bearing on the ceramic industry 
is that of the mineral quartz.*! When quartz is heated or cooled a number 
of crystalline forms (seven in all) may be produced, depending upon the 
temperature and time factors. The more important of these inversions 
may be conveniently expressed in the following table. The inversion from 
the a- to the 6-form of the same mineral is usually rapid while the change 
from one mineral to another is much slower. 


a-quartz 8-quartz 570-575°C rapid 
8-quartz 8-tridymite 870 slow 
Bo-tridymite B-cristobalite 1470 slow 
8-cristobalite glass 1710 


In the absence of a flux the change from $2-tridymite to -cristobalite 
is easier than that from 8-quartz to 6:-tridymite, hence we frequently find 
that 6-quartz may invert to §-cristobalite without passing through the 
8.-tridymite stage. This is what happens ordinarily in the original firing 
of silica brick. The tridymite develops in them in large measure subse- 
quent to rather than before the formation of cristobalite, under conditions 
of long continued heating at some temperature above 870°C and below 
1470°C.** Moreover, the greatest expansion in silica brick takes place 
when quartz inverts to one of the tridymite or cristobalite forms. Thus, 
although the silica minerals are enantiotropic, the reversion is so slow that 
once inversion has been accomplished to tridymite or cristobalite, the ware 
takes on practically a monotropic character. 


—_ . As has been previously shown, when any of the 
Sillimanite Group : 


Is Essentially 
Monotropic 


members of the sillimanite group are subjected to 
heating to certain temperatures which vary with 
the different minerals, each one breaks up into two 
substances. One is artificial mullite of the composition 3A1,03.2SiOs. 
The other is a glass of a highly siliceous nature occurring as interstitial 
matter between the crystals. The crystalline substance formed in each 
case apparently has the same composition. This is also true of the glass. 
Strictly speaking, therefore, we cannot say that the members of the silli- 
manite group are monotropic in character because they break down and 


21C. N. Fenner, “The Stability Relations of the Silica Minerals,”’ Am. J. Sct., 
36, 331 (1913). 

22H. Insley and A. A. Klein, ‘‘Constitution and Microstructure of Silica Brick 
and Changes Involved through Repeated Burnings at High Temperatures,”’ U. S. Bur. 
Stand., Tech. Paper 124 (1919). 
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yield two substances differing in chemical composition from that of the 
original mineral. However, neither under conditions of slow or rapid 
cooling do these two compounds unite to form one compound having the 
properties of any member of the sillimanite group but they remain un- 
changed. Therefore, for all practical purposes, from the ceramic stand- 
point, the members of the sillimanite group may be considered as mono- 
tropic toward heat. Although consisting of two compounds, the end 
product is the same in all cases. 


Practical Significance of the Changes 
One of the chief requirements of ceramic ware is 
that it must be monotropic or practically so toward 
heat. This is especially true in the case of refrac- 
tories. If a ceramic body is not monotropic, the 
oscillation or alternation of conditions would cause variations in the 
physical properties of some or all of the constituents of the refractory or 
other body to meet those conditions. Thus, undue expansion or contrac- 
tion may be produced by a change in mineralogical composition. Hence 
the special monotropic character of the sillimanite group after firings to the 
cones indicated, is particularly valuable to the ceramist. 

In this connection also, the volume changes oc- 
curring in andalusite, cyanite, and sillimanite may 
be of as great significance as the actual mineralogical 
changes in the practical use of these minerals. Thus, if cyanite were used 
in a body, it would show a large and sudden expansion at cone 12 and great 
strains would be set up, accompanied by the production of cracks. The 
result of this would be a weak, porous, and ‘‘punky’’ body, as is the case of 
many silica bricks which have been fired too rapidly. In order to correct 
this, it would be necessary to calcine cyanite to at least cone 12 previous 
to its incorporation into a body mix, but this would involve additional ex- 
pense. On the other hand the interlocking character of the mullite crys- 
tals developed from cyanite indicates a structure possessing possibilities 
of superior mechanical strength, which might be worth the extra effort in- 
volved in its preparation. 

Sillimanite shows a smaller expansion than cyanite up to cone 15 and 
would be subject to the same objections given for that mineral, but not to 
such a great extent. However, a much higher temperature (probably 
at least cone 20) would have to be used to convert it into mullite and glass. 

In contrast to the behavior of cyanite and sillimanite, andalusite shows 
only a slight expansion up to cone 15 and its decomposition has been 
accomplished previous to this point, namely, at cone 13. It should be 
possible, therefore, to introduce it into a body in the raw state without 
subsequent production of strains. It would probably be advisable, how- 
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ever, to fire any body containing andalusite above cone 13, if it is de- 
sired to convert it into mullite and to absorb incidental strains created at 
the decomposition point. Bowen and Greig have suggested that owing to 
the regular structure developed in the breakdown of natural sillimanite 
where the crystalline phase is external, a body using sillimanite may be 
mechanically stronger than one using the artificial 1:1 AlyO3;-SiO, mixture 
where the resulting external phase is liquid. This may also hold good in 
the case of andalusite; namely, that bodies in which it has been used might 
be stronger mechanically than those using the artificial 1:1 mixture. 

Thus, from the standpoint of changes in volume produced by firing, 
and the development of artificial mullite, andalusite is the most desirable 
of the three minerals for use in ceramic ware. 


Conclusions 


1. Andalusite and cyanite dissociate at high temperatures into mullite 
and a siliceous glass, both products being the same in optical properties 
and chemical composition as those resulting from the breakdown of silli- 
manite as described by Bowen and Greig. 

2. Andalusite dissociates at about cone 13, and cyanite at about cone 
12. The breakdown in each case is sharp and only extends over a small 
range in temperature. 

3. The microstructures developed in andalusite and cyanite below cone 
15 are entirely different and characteristic. 

4. Andalusite shows only a slight change in volume at its dissociation 
point, practically no disintegration or expansion being noticeable even in 
large fragments. Hence, it may be introduced into a body without pre- 
vious calcination. 

5. Cyanite shows a great increase in volume at its dissociation point 
accompanied by marked disintegration. This is so pronounced that unless 
calcined at a minimum of at least cones 12 or 13 previous to its introduction 
into a body, a weak and porous product would result. 

6. Due to the interlocking structure of the crystal areas produced in 
the breakdown of cyanite, it is possible that cyanite might give a stronger 
body mechanically than one of the same composition made by using anda- 
lusite. Previous calcination, however, would be necessary. 

7. Sillimanite can probably be introduced directly into a body with 
but little disturbance up to cone 20, but in order to convert it into mullite 
it would be necessary to fire it higher than cone 20. Furthermore, it 
would be necessary to fire such a body to a still higher temperature in order 
to produce one of constant volume. 

8. Unless cyanite has been previously calcined, andalusite and silli- 
manite are more desirable because of the great expansion of cyanite at its 


decomposition point. 
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9. Between cones 13 and 15, andalusite should be given preference over 
sillimanite because decomposition has been accomplished and equilibrium 
established at cone 13. 

10. Finally, the value of andalusite lies (a) in its dissociation point 
being at a moderate temperature, (b) in the refractoriness of the products 
of decomposition, (c) in the possibilities of great mechanical strength de- 
veloped by the structure formed in dissociation, and (d) in its lack of de- 
cided volume change at dissociation. 


Acknowledgments 


The writer takes this opportunity to express his most sincere thanks to 
J. A. Jeffery and F. H. Riddle of the Champion Porcelain Company for 
their hearty coéperation in making the firings; and to E. H. Kraus for 
suggestions in the revision of the manuscript. 


MINERALOGICAL LABORATORY 
UNIVERSITY OF MICHIGAN 


Bibliography 


1—N. L. Bowen and J. W. Greig, ‘“‘The System Al,O;—SiO»2,”’ Jour. Amer. Ceram. 
Soc., 7 [4], 238 (1924). 

2—A. V. Bleininger and F. H. Riddle, “Special Spark Plug Porcelains,’’ Jour. 
Amer. Ceram. Soc., 2, 564 (1919). 

3—W. Vernadsky, ‘Note sur l’influence de la haute temperature sur le disthene,”’ 
Bull. Soc. Fr. Miner., 12, 447-56 (1889). 

4—Saussure, ‘Voyage dans les Alpes,”’ 4, 84-5, Neuch. (1796). 

5—Laugier, ‘‘Analyse de disthene du St. Gothard,’”’ Ann. du Mus., 5, 13 (1804). 

6—Erdmann, ‘‘Undersokning af nagra Lerjordssilikater,’’ Sv. Akad. Vet. Handl., 24 
(1843). 

7—Shepherd, Rankin, and Wright, ‘‘The Binary Systems of Alumina with Silica, 
Lime and Magnesia,’’ Am. J. Sci., 28, 302 (1909). 

8—Bowen, Greig, and Zies, ‘‘Mullite, A Silicate of Alumina,’ J. Wash. Acad. Sci., 
14, 183 (1924). 

9—H. Behrens, ‘‘Ueber das porcellan und einige verwandte entglasserungsprod- 
uckte,’’ Pogg. Ann., 150, 386 (1873). 

10—E. Hussak, Sprechsaal, 153 (1889). 

11—J. W. Mellor, ‘“SSome Chemical and Physical Changes in Firing Pottery,”’ 
J. Soc. Chem. Ind., 26, 375 (1907). 

12—E. Plenske, ‘‘Ueber mikrostruktur und bildung des porzellans,’’ Tonind. 
Ztg., 1343 (1908); Sprechsaal, 41 [Nos. 20, 21, 22] (1908). 

13—A. Zoellner, ‘‘Zur frage nach der chemische-physikalischen natur des porzel- 
lans,”’ Chemische Industrie, 212 (1908). 

14—A. A. Klein, ‘‘Constitution and Microstructure of Porcelain,’’ U. S. Bur. 
Stand., Tech. Paper, 80 (1916). 

15—F. H. Riddle, ‘‘Further Studies of Porcelain,’’ Jour. Amer. Ceram. Soc., 2, 
812 (1919). 

16—W. Vernadsky, ‘‘Sur la reproduction de la sillimanite,’’ Bull. Soc. Fr. Miner., 


13, 256-71 (1890). 


| 


AND SILLIMANITE AT HIGH TEMPERATURES 4929 


17—A. H. Cox, ‘‘Note on Some South Staffordshire Fire Clays and their Behavior 
on Ignition,’”’ Geol. Mag., 5, 61 (1918). 

18—J. W. Mellor, loc. cit. (11); ‘‘Some Notes on the Action of Heat on Fire 
Clays,’’ Clay and Pottery Industry, 909-15. 

19—A. B. Peck, ‘‘Note on Andalusite from California; a New Use and Some 
Thermal Properties,’’ Am. Mineral., 9, 123-9 (1924). 

20—Anon., “Sillimanite: A High Grade Refractory,” Bull. Imperial Inst., 21 
383 (1923); through Jour. Amer. Ceram. Soc., 7, abstract division, p. 15 (1924). 

21—C. N. Fenner, “The Stability Relations of the Silica Minerals,”” Am. J. Sci., 
36, 331 (1913). 

22—H. Insley and A. A. Klein, “Constitution and Microstructure of Silica Brick 
and Changes Involved through Repeated Burnings at High Temperatures,’’ U. S. Bur. 
Stand., Tech. Paper 124 (1919). 


| 
| 


“BALLING” IN CAST WARE! 
By W. K. McAFEE 
ABSTRACT 
‘‘Balling”’ is caused, for the most part, by supply of slip being cut off from a thick 
section of the ware. 


This phenomenon has never caused any appreciable trouble in the 
casting shops with which I am familiar. I will confine myself, therefore, 
to a few general observations which 
may or may not be entirely correct, with 
the hope of stimulating a lively discus- 
sion on the subject. 

We are all familiar with the hair line 
which shows in the cross section of a 
piece of green ware that has been solid 
or double cast. The slip sets up from 
both plaster surfaces towards the center. 
The slip shrinks towards these two sur- 
faces, and when the setting-up is com- 
plete, there is a noticeable line down the middle. When a supply of liquid 
slip is not available under a static head during the entire setting-up process, 
the piece will hollow cast. Even where there is not an appreciable opening 
on this seam, ware may actually split during firing. ‘This may sometimes 
be overcome by tapping the mold and causing the two parts to flow 


Fro. 1. 


together like two drops of water. 

Every case of “‘balling’’ that has come to my attention occurred in a 
thick section of ware where the slip was fed through a thinner section, 
or where a supply of liquid slip was not availa- 
ble to fill up the void during the setting-up 
period. This may be demonstrated by cast- 
ing a piece with a cross section in the form of 
a cross, similar to Fig. 1. If the slip is 
introduced from one end along the principal 
center lines through a hole larger than the 
cross section at the center of the cross, as at 
“B,” there will be no “‘balling,’’ and the piece 
will set up solid. 

If, however, the slip is introduced through one 
leg of the cross at right angles to the principal Fic. 2. 
center lines, as at ‘‘A,”’ this leg will eventually 
set up solid, cutting off the supply of slip to the center, and evidence of 
“balling’’ will be found, as indicated in Fig. 2. The clay particles in 
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packing together move toward the plaster away from the center, and if 
there is no slip to fill this space there will be a parting, leaving a void, as 
at “X.” The shape and appearance of the opening will depend upon the 
progress of the setting-up process when the slip is cut off, and probably to 
some extent, on how much vibration the mold is subject to. 

One way to overcome this trouble is to keep thicker sections under a 
static head of slip. The holes through the plaster pouring funnels should 
be large enough to prevent their closing up before 
the piece is entirely set up, or else should be brass 
lined. A supply of slip should be available for 
thick sections from an auxiliary funnel if 


necessary. 
A typical example of this method is shown in 
Fig. 3. In this case, the slip is poured through 


N 
N 
” ay 
a brass tube “A’”’ set in the mold and enters YH N 
through the bottom. This is done to minimize KYW 

the trapping of air and to prevent the streaking NY Wl: 

Y 


mold. ‘The mold fills up allowing the air to pass 


caused by running slip down one side of the \! / 


through the vent funnel ‘B” in the bottom of 
the tank (top of the mold). The slip is intro- Fic. 3. 

duced until it rises in the vent funnel. In case 

there is not enough slip in the two funnels to counteract the shrinkage, 
more is poured in both funnels, care being taken to keep the head as nearly 
equal as possible. The important thing is to keep a positive supply of 
slip available, until it is certain the ware is set up solid. 


CAMBRIDGE SANITARY Mec. Co. 
CAMBRIDGE, OHIO 


| 
| 


STUDY OF SEGREGATION IN PORCELAIN FILTER CAKE BY 
PETROGRAPHIC METHODS' 
By Lours NAVIAS 
ABSTRACT 
The segregation which takes place in a filter cake of a porcelain mixture has been 
studied in thin sections made from slices of the filter cake fired to cone 10. A lenticular 
segregation is illustrated by photomicrographs. 


Of prime importance in the ceramic industry is a homogeneously mixed 
composition. To obtain such a condition in the fluid state mixing, blung- 
ing and grinding are resorted to, and in the plastic state wedging by hand, 
kneading and pugging by machines are common methods. 

The filter press in the act of dewatering the mixture, however, often 
partially destroys the homogeneity obtained in the initial processes, by 
causing a segregation of the constituents in the filter cake. There is no 
need of stressing the importance 
of this point and of the necessity 
of making a uniform filter cake, 
irrespective of the mixing that 
takes place in the plastic condi- 
tion. The present note does not 
contain a panacea for curing or 
preventing the segregation of 
the constituents during filter 
pressing, but merely a visual 
demonstration of the segrega- 
tion to reveal its structure. 
The customary petrographic 
methods of making and studying 
thin sections were employed. 

A filter cake having decided 
segregation can often be separ- 
ated into two leaves by merely 
pulling it apart at the middle of 
an edge. The contact surfaces 


ordinary light. the two halves are usually 
Thin section of segregated porcelain filter cake. y 


sandy, that is, gritty, coarse 
grained and devoid of clay and hence plasticity. Slices of such filter cakes, 
cut to give a cross section of the cake, when dried and fired give an 
indelible record of the distribution of the constituents contained in 
them. 

1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Columbus, 
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Our Observations 

Slices of a porcelain mixture fired to cone 10 contained segregation in 
the form of a series of double convex lenses laid end to end and separated 
by connecting thin strips of segregated material. The uniformly spaced 
lenses or heavy deposits are suggestive of Liesegang’s rings, indicative of 
rhythmic or pulsating deposition. In cutting through the filter cake the 
major part of the mass yielded a smooth surface whereas the segregated 
portion gave an uneven and ragged surface. 

A thin section of a rather distorted but complete lens segregation was 
made and photographed by ordinary light. It is shown in Fig. 1, the 
magnification being 1'/» 
diameters. Around the 
central core a fine band 
is noticeable, separating 
the lens from the main 
portion of the section. 
The lens is noticeably 
more transparent than 
the remainder of the 
section. When magnified 
to 16 diameters the cen- 
tral portion takes on a 
different appearance. 
Figure 2 was taken with 
ordinary light, and c 
represents the lenticular 
central segregation, b the 
fine band referred to 
above, and a the main 
portion of the filter cake. 

Figures 3 and 4 taken 
with polarized light and 
magnifications of 63 and 
100 diameters, respec- 
tively, show one half of 
the cross. section, the 
letters referring to the same zones as in Fig. 2. The white particles are 
quartz grains. Descriptions of the separate zones are as follows: 

Zone c. The main segregated area or lens contains large particles of 
quartz imbedded in a feldspar glass, the latter being the cause of the 
transparency. As under higher magnifications no large flakes or areas of 
of clay are found, it is evident that the segregation consists mainly of 
quartz and feldspar. 


a b c b a 
Fic. 2.—Magnification 16 X ordinary light. Thin sec- 
tion of segregated porcelain filter cake. 


} 
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Zone b. ‘The thin bands b, flanking the central area c are found to 
consist of clay in a fine state of subdivision, almost exclusively. The 
quartz particles are few in 
number and very smail in size. 
The bands are less transparent 
and translucent than zones c 
and a. 

Zone a. ‘These large areas 
compose the bulk of the filter 
cake. The appearance is that 
of the ordinary porcelain with 
quartz and clay particles well 
distributed. The quartz grains 
are not as large as those in 


c b a 
Fic. 3.—Magnification 63 X polarized light. 
Thin section of segregated porcelain filter cake. 


zone c, nor packed as closely. 
The clay lakes show the develop- 
ment of mullite quite plainly. 


AVERAGE DIMENSIONS OF QUARTZ GRAINS 


Zone 0.0035—0 .0070 cm. 
Zone b 0.0007—0 .0014 cm. 
Zone a 0.0018—0 .0035 cm. 


Another filter press yielded filter cakes from which slices were obtained 
having segregated areas of rather uniform width, except at the tip of each 
slice, corresponding to the periphery of the cake, where a large lens was 
formed. The lens was more 
complicated in its structure 
than the one described above, 
for it contained two extra zones 
of segregation on each side of 
the central coarse zone. Using 
the symbols of the photographs 
and starting with the central 
coarse zone, the formation to 
either side was ¢, b, c, b, a. 
The elongated quartz particles 
in the clay zones 6 and in their 
vicinity were noticeably 
oriented, having their long sides 
parallel to the direction of 
segregation in the section. 

An average width for each of the zones may be of interest, c 0.12 cm., 
b 0.038 cm. and a 1.25 cms. Hence the total widths of the segregated 


( b a 
Fic. 4.—Magnification 100 X polarized light. 
Thin section of segregated porcelain filter cake. 
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areas across a filter cake are c 0.12 cm., b 0.076 cm. and a 2.5 cms. A 
rough calculation shows that of approximately 7.59% of material segre- 
gated, zone c contains 4.5% and zone b 3%. 

In conclusion it is hoped that this application of an old method will 
prove useful in determining the best procedure for filter pressing by 
following the concurrent changes in segregation delineated in the fired 
slices. 

RESEARCH LABORATORY 


GENERAL Co. 
SCHENECTADY, N. Y. 


Discussion 


F. H. RrippLe: We can open our discussion with the relative merits of 
diaphragm pumps, plunger pumps and compressed air for filter pressing 
and methods of pugging. I know one plant where compressed air is used 
in place of the ordinary filter pump and then the material is pre-pugged be- 
fore it goes to storage. After it comes from storage it is pugged twice 
and sometimes three times in order to get away from some of the troubles. 

There is a tendency on the part of most of the potters to do more instead 
of less work in trying to get a uniform cross-section, not for the filter cake, 
although that has worked, of course, but to the final column that goes to 
the forming benches. 

F. V. DRAKE: There is one process where they have introduced a four- 
cylinder pump in place of the two-cylinder pump, and in that manner there 
is no chance at all for settling between the strokes of the pump. It keeps 
everything in suspension the entire time and this has minimized segrega- 
tion. 

W. W. McDaneE.: We had this trouble in its worst form. We doubled 
the length of the press and cut the pressure from eighty pounds to forty- 
five pounds. This gave us a good firm and homogeneous cake. We 
were of the opinion that the high pressure drove the finer particles to the 
surface, while the coarse particles, being unable to retain their proper place 
in the mix, were left in the center. No amount of pugging could restore 
the plasticity lost by the separation. We were surprised to find our press 
delivering twice as much clay in the same time, requiring exactly the same 
time to pump as with the high pressure. 

H. Goopwin: If the agitators are not started a sufficient length of time 
before the pump is started to work there will be segregation. This has a 
bearing on the structure as well as the pump. We should take lack of 
homogeneity in the agitator into consideration as one of the causes of 
segregation in the filter cake. Probably we should consider grinding the 
materials before they are put into the agitators. There are many varieties 
of pumps, but we do not know what is the best to adopt. 
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F. H. RippLe: Mr. Goodwin's point about grinding is good. If we are 
troubled with a separation of fine and coarse particles, we must eliminate 
the coarse particles by finer grinding. 

R. M. Kinc: Was the material prepared in a blunger or in a ball mill? 

I,. NAvIAS: The body was only blunged, or rather one body was blunged 
and the second body was ground, the latter in a plant where they grind the 
body some three hours, I believe. 

R. M. Kinc: Did you find any difference in the segregation? 

L. Navias: No. The segregated particles were smaller in the second 
case, but they conform somewhat to the figures given; that is, the maximum 
values were lower, but the general appearance and the general segregation 
was similar in both cases. 

R. M. Kinc: What was the percentage of ball clay? 

.. Navias: About 25%. 

. J. McDowELL: At what pressure were those compressors pumped? 
.. Navias: In the case illustrated about 60 to 70 pounds. 

S. J. McDowELL: Dr. Navias’ paper is a very interesting and graphic 
portrayal of filter press segregation. 

One of the causes of this segregation is the presence of settled non- 
plastic material on the bottom of the cisterns. Emptying and thoroughly 
washing of the cisterns at frequent and definite intervals is a great aid in 
the alleviation of this lens structure in the filter press cake. 

Where the non-plastic material has a high specific gravity, this is 
particularly true. 

F. H. Ripp._e: These details are important and there are other points 
of interest. How coarse are the coarse particles in your first leaf, and 
how are they in the last leaf? It would be interesting to try filter press- 
ing materials where you have two different specific gravities. For example, 
a sillimanite with a specific gravity of over 3 and the rest of the material 


— 


about 2.6. 
H. Goopwin: It would be of value if we had the time taken to fill 
the presses, size of the presses and character of the pump. 


SOME NOTES ON THE COLOR OF ANTIMONY ENAMELS' 
By M. E. MANSON 
ABSTRACT 
Pure white antimony oxide does not give as good a color or opacity in enamel as 
the gray, impure, domestic product. The better color and opacity of enamels made 
with the latter is probably due to the impurities contained in the antimony. 


Introduction 

Both Staley? and Shaw* have discussed the question of color control in 
antimony enamels but neither specified the source of the antimony oxide 
used in their experiments. The results of an investigation of mine lead 
me to believe that this is an important point in any discussion of this 
subject. 

A few years ago there was an enamel in use at our plant, which derived 
its opacity from a mixture of tin and antimony oxides smelted into the 
frit. The odd thing about the formula was the extremely low percentage of 
opacifier used, in spite of which the opacity of the enamel was very good. 
The enamel was of the high head type and contained less than 5% total 
tin oxide plus antimony oxide. ‘The tin was present in such a small amount 
that it must have been completely dissolved in the frit, producing no opacity 
whatever. What there was, evidently came from the small amount of 
antimony oxide present, plus the fluoride capacity. 

The particular antimony used in this enamel was a domestic oxide. 
I believe there is only one domestic source for this material. Since the 
purchasing department did not wish to be confined to one company on 
any material, we tried, at various times, to substitute Chinese oxide, sup- 
plied by various companies. Every such attempt was a failure, the 
resultant enamel being a decided blue white of low opacity, instead of its 
usual opaque cream color. This was the more strange because the domestic 
oxide was a very impure product containing only about 92° oxides of 
antimony and varying in color between light gray and slate gray while the 
Chinese oxide was pure white and contained about 98%) of the oxides. 
The problem presented therefore was to find if possible some way to get 
the same results with pure antimony oxide as with impure. 

Chemically there are three oxides of antimony, represented by the formu- 
las, Sb2O3, SbeOu, SbeO;. I believe the ordinary commercial product, 
while it contains all of these oxides in varying amounts, consists prin- 
cipally of the trioxide. There is probably a difference in the opacifying 
power of the three oxides, increasing as the degree of oxidation increases, 
although I know of no work done to prove this. Unfortunately, I have 
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been unable to find any methods of analysis of antimony which allow the 
quantitative determination of these three oxides. Since all three oxides are 
present in the commercial oxide, it is impossible to determine the per cent of 
metallic antimony present and calculate from that the per cent of oxide. 

All three oxides are however soluble in hot concentrated hydrochloric 
acid, so that by determining acid insoluble, water soluble, and iron and 
sulphur in the acid soluble material, the total antimony oxides can be 
determined fairly well by difference. 


The Investigation 

In the following experiments, two kinds of material were used. One, a 
Chinese oxide, called ‘‘C”’ hereafter, contained 98% antimony oxides, 1.5% 
water soluble material and 0.5% acid insoluble. The other, a domestic 
oxide, called ‘‘S’’ hereafter, contained 91% antimony oxides, 7% acid in- 
soluble, 1.5% water soluble and the remaining 0.5% consisted of iron and 
sulphur. The sulphur is from unoxidized Stibnite. All smelts were made 
in Battersea crucibles in the laboratory. The parts of materials used were 
equivalent to pounds in the factory smelter. A smelt of our regular enamel 
using “‘S’’ antimony was made first as a standard. 


SERIES I—Effect of varying amount of antimony oxide. It was possible that, being 
so much purer, less of the ‘“C’’ oxide should be used or that, being of a 
different physical structure, it was more readily dissolved in the frit, and 
more should be used. 

Test 1—Standard formula without change, using eleven parts antimony. An 
enamel with a blue green tint and poor opacity was obtained. 

Test 2—Nine parts antimony—no other change. Result the same as Number 1. 

Test 3—Five parts antimony. Same color as 1, slightly poorer opacity. 

Test 4—Eighteen parts antimony. Same color as 1, but with slightly better opacity. 


SERIES II—Effect of omitting tin oxide. Enamelers have noticed that when tin oxide 
and antimony oxide are smelted together in the same frit, a blue color 


results. C”’ oxide used. 
Test 5—Fifteen parts antimony, no tin. Enamel was greener than 1. 


SERIES III—Effect of varying calcium content. Staley in a series of experiments 
showed that when both antimony and lead oxides were present in an 
enamel, a brown coloration was produced. The addition of calcium 
either as fluorspar or whiting produced a blue color which neutralized the 
brown. Therefore in this case, we might expect to lessen the blue color 
by reducing calcium. The usual eleven parts of ‘‘C’’ antimony were used. 

Test 6—Seven parts of whiting were cut out and in its place two parts borax and 
four parts soda ash added. Resulting enamel was about the same as No. 
1. 

Test 7—Fourteen parts of fluorspar removed and sodium fluoride substituted. 
This gave a very yellow enamel, entirely different in color from No. 1, 
yellower than the standard. 

Test 8—Seven parts of fluorspar removed and sodium fluoride substituted. This 
enamel was not so yellow as Test 7, but yellower than the standard. 
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Evidently calcium, at least as fluorspar, affects the color, but no change 
in fluorspar was sufficient to produce the opaque cream color of the stand- 
ard. Test 11 was too blue, but Test 8 was too yellow, and neither sample 
showed the required opacity. 


SERIES IV—Effect of increasing sodium nitrate. It is possible that the Chinese oxide 
contains considerably more Sb2O; and less Sb.O; than the domestic prod- 
uct. Therefore an increase in the oxidizing effect during smelting might 
help. 

Test 9—The sodium nitrate was increased from 16 to 21 parts, while a reduction in 
soda ash kept the Na2:O content the same. The resultant enamel was 
bluer than the standard but not as blue as Test 1. Opacity poor. 


At the time these tests were performed, I went no further along this line. 
It seemed possible that a large increase in sodium nitrate might have pro- 
duced a cream white, but the resultant enamel would have probably had so 
much soda in it that its luster and workability would have been impaired. 


SERIES V—Effect of small amounts of impurities. Since our best results were ob- 
tained with an impure oxide, it seemed possible that some of the impuri- 
ties might be the cause of the good color and opacity. The standard 
formula called for eleven parts of domestic antimony. The amounts of 
various impurities added to the batch by this antimony were calculated, 
and were then added to batches miade of “‘C’”’ oxide. 

Test 10—Regular formula plus 0.2 part of sulphur. This enamel was very green. 

Test 11—Regular formula plus 0.5 part iron sulphide. Same result as Test 10. 

Test 12—Regular formula plus 0.5 part manganese dioxide. Enamel slightly 
greener than Test 1. 

Test 13—Regular formula plus 0.4 part iron oxide. Enamel had same appearance 
as Test 12. 

Test 14—A large amount of our domestic oxide was dissolved in concentrated hydro- 
chloric acid, filtered, and a quantity of the acid insoluble material ob- 
tained. This was tan colored, and analysis revealed a siliceous material 
containing about 60% SiO». No attempt was made at a complete analy- 
sis. A smelt was made of the regular formula plus 0.7 part acid insoluble. 
The resultant enamel had a brown tint, browner than the standard. A 
fair enamel. 

Test 15—Regular formula plus 0.5 part acid insoluble. Enamel was greenish. 

Test 16—Regular formula plus 0.9 part of acid insoluble. Enamel was too brown 


The above series showed that the insoluble material in the domestic an- 
timony exercised a decided effect on the color of enamel. Test 14 was the 
closest approach to the standard of any of the tests, but it still left much 
to be desired. Knowing that different shipments of this antimony varied 
between 5 and 10% of this material, it is easy to understand why different 
lots of antimony give different colored enamels. 


SERIES VI- 
Test 17—Regular formula, using a French process antimony oxide over 99% pure 
The enamel was exactly Jike Test | blue. 
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Conclusion 


The above experiments convinced us that we could use only one kind of 
antimony oxide in our formula. We still cannot say definitely what causes 
the difference in the color produced by the impure domestic oxide and the 
relatively pure Chinese oxide. The solution may lie in colloid chemistry. 
In 1923, in an article entitled ‘“The Industrial Outlook for Colloid Chem- 
istry’’ by H. N. Holmes,' he made the following statement: 

“Since ions exist in melted salts there is a possibility that certain ions in 
a melted glass or enamel may peptize a pigment added to the melt. The 
composition of enamels might be changed so as to introduce desirable ions 
or even protective colloid material. Coagulation by ions may also merit 
study in such systems.” 


RUNDLE MFc. Co 
MILWAUKEE, WIS 


1 Jour. Ind. Eng. Chem., 15, 857 (1923). 
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THE LABORATORY TESTING OF PLASTIC REFRACTORIES! 


By R. F. W. L. PENDERGAST 


ABSTRACT 
Twelve brands of plastic refractories, representing the products of nine manufac- 
turers, were subjected to standard and modified laboratory tests for high grade refrac- 
tories. The data obtained show the chemical and physical characteristics of the ma- 
terial now furnished to the trade and indicate the results which may be expected from a 
technical examination of this type of product. 


Introduction 


The product referred to in this paper as a 
“plastic refractory,’’ a name now fairly familiar 
to the trade, is composed essentially of grog, raw clay and sufficient water 
to render the mass plastic or of a ‘“‘stiff mud” consistency. The grog 
consists principally, if not entirely, of calcined clay,? and comprises from 
50 to 75% of the total solid material. The raw clay is used to supply the 
necessary bond, the percentage required depending on its plasticity; 
i. é., aS the manufacturer would aptly express it, not more than enough of 
the raw or plastic clay is added to “carry” the grog, in order to prevent 
excessive shrinkage in drying and firing. 

U While a plastic refractory was put on the market 
- twenty years ago, under the proprietary name of 
Plastic Fire Brick, its use was limited until about 1912. Since then it has 
met with a constantly increasing demand so that at the present time 
the total production has been estimated as exceeding 100 tons per day. 
Approximately 75% of the total present output is used for special shapes, 
repairs, doors, arches, walls, etc., in power plants, but the material is being 
adapted to construction and repair work in practically every type of heat 
installation from a baker’s oven to the boiler setting of a navy destroyer. 

Because of the increasing demand for plastic 
refractories, it is logical to assume that the number 
of brands and varieties being placed on the market, 
together with the volume of purchases, will necessitate a specification for 
this commodity. In fact, the American Marine Standards Committee 
is at this time engaged in developing such a specification. The present 
investigation of the physical and chemical properties of plastic refractories, 
and of their behavior in laboratory tests, was undertaken to aid in the 
development of such specifications, and also to help the manufacturer and 
consumer to a better understanding of the material. 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Columbus, Ohio, 
Feb., 1925. (Refractories Division.) Published by permission of the Director, Bureau 
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Investigation 


of Standards. 
2 It is customary in most cases to add ganister, in an endeavor to overcome the 


shrinkage natural to clay on heating. 
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The investigation was carried out in coédperation 
with the Navy Department. Complying with a 
request from this laboratory, samples were submitted by Louisville Fire 
Brick Works, S. Obermayer Co., Crescent Refractories Co., Cornish Co., 
Laclede-Christy Clay Products Co., Seaboard Refractories Co., Jointless 
Fire Brick Co., Denver Fire Clay Co., A. P. Green Fire Brick Co. 


Codperation 


Scope of Investigation 
These samples were tested to determine the water content as received, 
softening point, dried modulus of rupture and shrinkage, fired shrinkage 
and absorption, resistance to spalling, resistance to deformation at high 
temperatures, chemical composition, and fineness. 
The results obtained by the Bureau were correlated and also compared 
with results of test determinations submitted by the Navy Department 
and by the manufacturers. 


Method of Testing 

All of the specimens were prepared by ramming into molds with a wooden 
mallet. 

The water content, dried shrinkage and fired shrinkage are expressed 
in percentage of plastic weight and length, respectively. 

Modulus of rupture was determined with an Olsen testing machine, over 
a 7-inch span, on 3 x 3 x 10-inch specimens. 

Fineness was determined by screen analyses, using the wet method and 
U.S. Standard sieves. 

The chemical analysis made by the Bureau consisted of the routine de- 
termination of SiOe, AlO;, FesO; and TiO.. Other constituents were not 
determined, but the difference between 100% (non-volatile) and the 
sum of the constituents determined was regarded as the percentage of 
alkalis. 

The softening points were determined in an electrically heated muffle,' 
and measured by means of Orton pyrometric cones. The heating schedule 
followed is that prescribed in the A.S.T.M. Standard Method of Test for 
Softening Point, Serial Designation C 24-20. 

The quenching test was conducted on 3 x 3 x 10-inch specimens which 
had been fired at 1400°C for five hours, following the method described in 
a ‘Progress Report on Specifications for Refractories.””* 

Absorption is expressed in percentage of dry weight. 

In the endurance test, specimens averaging 10 x 4.7 x 2.7 inches, made 
in a brick mold and fired for 5 hours at 1400°C, were refired for 72 


1W. L. Pendergast, ‘Electric Furnace for Softening Point Determinations,”’ Jour. 
Amer. Ceram. Soc., 8 {5}, 319 (1925). 
2 Jour. Amer. Ceram. Soc., 6 {10], 1098 (1923). 
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hours at 1450°C. For shrinkage and absorption determinations the 
specimens were fired on end under no load, and for the determination 
of resistance to deformation the specimens were laid flat over a 7-inch clear 
span, and loaded at the center with a brick cut to weigh 6 pounds.' 
The deflection was measured after the specimens had cooled. 


Results 


The data obtained from these tests are either given in Table I or shown 
in Figs. 1, 2 and 3. 

The water content of the specimens as received 
(by this is meant the water which is lost on drying 
to constant weight at 110°C and generally referred to as “shrinkage and 
pore water’) varied from 9.3 to 15.7% (Table I). Considering the 
possibilities of error in the determination, as well as variations which can 
reasonably be expected in the material itself, it is concluded that the water 
content of the samples examined was practically the same for all and 
would average 12%. 


Dried Shrinkage 


Water Content 


The linear shrinkage during air-drying averaged 
1.5% and, with the exception of Brand No. 1, 
the maximum deviation from this average did not exceed 0.6%. As in 
the case of the water content, a consideration of the probable error in 
measurements and the variations in the material itself seems to justify the 
statement that the drying shrinkage was practically the same for all ma- 
terials submitted. 


Modulus of 
Rupture, Dried 


The dry strength of a material which is not sub- 
jected to handling in that state is probably not 
an important factor. This is particularly true in 
those cases where the plastic mass is used for patching, to replace special 
shapes around burner ports, at the top of walls in marine boilers, and 
similar purposes resulting in a product which is fairly compact in shape and 
not subjected to superimposed loads. Nevertheless, and this is particu- 
larly true of monolithic wall construction, the strains incident to contrac- 
tion and expansion of various parts of a boiler setting or similar installa- 
tion, during the drying and preliminary heating of the plastic, are quite 
likely to cause cracking and the consequent lowering of life in service. 
It would, therefore, appear advisable to manufacture a product of the 
highest possible dried strength consistent with the maintenance of re- 
fractoriness, and low drying and firing shrinkage. This appears to have 
been done in the case of Brands 8 and 9 which show a strength approxi- 
mately double that of the other brands, although the shrinkage is not ex- 
cessive (Table I). Tests indicate that this high strength was not due to 


1 This is approximately equivalent to loading a brick of 4'/2 x 2'/; inch cross sec- 
tion, laid flat over a 7-inch span, with a brick cut to weigh 5 pounds. 
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the use of sodium silicate but to the nature of the clay bond, either natural 
or developed by weathering or other means, which is in accord with state- 
ments from manufacturers that sodium silicate is not being used in any 
plastic refractories. 

With the exception of the two brands discussed, the dried strength of 
the various plastic refractories is fairly uniform, averaging 48.6 pounds 
per square inch and varying generally from 33 to 57 pounds per square 
inch (Brands 6 and 10 reached a minimum of 27 and a maximum of 76 
pounds per square inch, respectively). That these exceptions may not be 
of significance is indicated by the fact that both failed in the Navy Sim- 
ulated Service Test (Fig. 4). 

The data obtained by means of screen analyses 
are shown in Fig. 1. 

Since clay matter, of which plastic or bond clays are almost entirely 
composed, will readily pass a 200-mesh screen, and calcined clay and gan- 
ister is not ground to 


Screen Analyses 


RESULTS OF SCREEN ANALYSES 

this degree of fineness nn nn 

in practice, it was | | 
assumed that the 200- 
mesh screen would = ame 18 
grog from the bond. $ so 
Based on this assump- ¢ 4, " | a | 

tion the screen analyses 


indicate that all of the , 
plastic refractories voll Bi Bi 
tested contained from 
32 to 47% bonding 
material, or an average 
of 40%. It is realized 


Fic. 1. 


that the screen analyses may indicate a lower percentage of bond clay 
than is actually present in those mixes containing a flint or a semi-flint 
clay which has only partly slaked down. 

The composition of the grog, as regards fineness, varied over a rather 
wide range. ‘This is particularly true of the portion remaining on the 
10-mesh screen. (For Brand No. 5 this constitutes nearly 35% of the dry 
body, and for Brand No. 3B not quite 7%.) In addition, that portion 
passing the 10-mesh and remaining on the 20-mesh screen varied from 9 
to 22%, the portion through 20- and on 40-mesh from 4 to 13%, the portion 
through 40- and on 100-mesh from 3 to 13%, and the portion through 100 
and on 200-mesh from 2 to 22%. 

There is no relation evident between these variations in sizing and the 
behavior of the materials in other tests. 


‘ ‘ 
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? The results of chemical analyses are shown in 
Chemical 


ies Figs. 2 and 3. 
Composition 


As a result of the investigations of clay fire brick 
previously referred to, it was found advisable to designate those refractories 
containing more than 20% uncombined quartz (Fig. 3) as siliceous. Ac- 
cordingly, Brand No. 6 should be classed as a siliceous plastic, and it is one 
of rather high grade since it had a softening point equal to that of Orton 
pyrometric cone No. 30 and withstood 15 quenchings without failure. 

With the exception of this Brand (No. 6) the chemical analyses (and the 
rational compositions calculated from them) indicate that all the materials 
tested have compositions within the range characteristic of the so-called 
high grade clay refractories, 7. e., the SiO. varies from 40 to 65%, the ALO; 
from 30 to 50°, and the total flux from 3 to 6%. 


| | 
| 
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| | bea 
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The work of the chemical laboratory was supple- 
mented by petrographic examinations. These 
examinations not only checked, for example, the 
evident high uncombined quartz content of Brand No. 6, but also show that 
Brands 7 and. 8 contained ganister (uncombined quartz) and diaspore, 
which is not evident from the chemical analyses on account of the relatively 


Petrographic 
Examinations 


high Al,O; content of diaspore. 

The softening points (with the exception of 
Brand No. 6 discussed above) range from that of 
cone 31 to that of cone 34 (Table I), or approximately from 1650° to 
1710°C. No discussion of these data is required other than they check the 
conclusion, based on the chemical composition, that the materials tested 
are of the same general quality as high grade clay refractories. 


Softening Points 
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Resi The resistance to spalling, as indicated by the 
Spalling number of quenchings from 850°C to running water 

P required to produce failure, varied considerably 
(Table I). As would be expected, Brand 6 (containing considerable quartz) 
withstood the least number of quenchings. 

That Brands 7, 8 and 9 did not show greater resistance is not so readily 
explained by the chemical composition, but may be explained by consider- 
ing the results of the petrographic examination which indicated that the 
grog was composed of ganister and calcined diaspore. Ganister, as is 
well known, continues to expand at high temperatures, due to molecular 
changes. Diaspore, on the other hand, continues to shrink during use 
because ordinary calcining temperatures are not high enough to bring about 
appreciable vitrification. This alone might induce strain sufficient to lower 
its resistance to spalling. Also, diaspore itself when used as a refractory 
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will often fail in service through spalling; whether this is due to the contin- 
ued shrinking already mentioned, high modulus of elasticity in shear to 
gether with a low shearing strength, low diffusivity,' low tensile strength 
(or a combination of these) has not been definitely determined. In any 
case, one would assume that the resistance to quenching could be increased 
by bringing the diaspore-ganister mixture to a more stable and mechan 
ically stronger form through higher initial firing, which probably ex- 
plains why Brands 7 and 9 passed the Navy Simulated Service Test. In 
this test,? the refractory is heated for 24 hours at 1590°C (approximately 
2895 °F) before being rapidly cooled. 


1 F. H. Norton, Jour. Amer. Ceram. Soc., 8 |1], 29 (1925). 
2 For a description of the test see the U. S. Government Master Specification for 
Fire Clay Brick, Federal Specifications Board Specification No. 268. 


5 . 

- 


GELLER AND PENDERGAST 


In an endeavor to verify this assumption, five specimens of each of Brands 
7, 8 and 9 were fired at 1550°C for 48 hours (cone 23 flat); cooled in the 
kiln and quenched as before from 850°C. The results are given in Table I 
and Fig. 4. It is evident that higher firing materially increased resistance 
to spalling for Brand 9 containing no ganister, but lowered the resistance 
for Brands 7 and 8 containing ganister. 

Although the shrinkage, both after firing at 
1400° and 1450°C (Table I), bears no consistent 
relation to results obtained with other tests, it is 

a property of plastic refractories 
6 = which no doubt deserves serious 
consideration by the manufacturer. 
As the data show, it varied after 
the higher firing (1450°C) from 
less than 1% tonearly 14%. Since 
the results of the quenching test 
indicated that a ganister content 
of less than 20% did not seriously 
affect resistance to spalling, it 


Fired Shrinkage 
and Absorption 


Required to Pr 


“ would appear desirable to use that 
€ proportion of ganister (not exceed- 
— ing 20%) which would produce 
S the least fired shrinkage of the 
< product. It is more advisable, 
= however, to obtain the same result 


by proper grading and proportion- 

ing of the grog, and adjustment of 

Fic. 4. the grog-bond ratio, if the raw 
materials at hand permit. 

A relation between the results of absorption, 
resistance to spalling and simulated service tests 
is indicated by the data and emphasized by means 
of Fig. 4. While no data are available for Brands 
3B, 3C and 9, it is assumed, from their similarity to 
Brands 3A and 8, that they would pass the Navy 
test. Brands 5, 6 and 10 did not pass the 


Relation of 
Resistance to 
Spalling and 
Absorption to 
Results in Navy 
Test 


Navy test. 

Based on the assumption just made regarding Brands 3B, 3C and 9, 
the data show that all plastics which withstand more than 25 quenchings 
would pass the Navy test while, of those withstanding less than 25 quench- 
ings, only the high alumina materials would pass the test. The effect, 
if any, of absorption is not clearly indicated, but the data are given in 
Fig. 4 for the convenience of the reader. Further tests may demonstrate 
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that comparatively high absorption is not desirable in material of this type, 
as was shown for fire clay brick.' 
, The resistance to deformation (determined as 
Deformation under . 
pee described under Endurance Test) was uniformly 
low, ranging from */3: to ''/s: inch and averaging 
6/3., which compared favorably with so-called No. 1 fire clay brick.‘ 
As a result of increasing interest in controlling 
the quality of ceramic products by means of lab- 
oratory tests, and the consequent adoption of such 
tests by many plants and research laboratories, 
the question arises as to the relative accuracy of data obtained by inde- 


Comparison of Data 
from Three 
Laboratories 


pendent investigators. 

The information obtained in the course of this work affords an unusual 
opportunity to present data on chemical compositions and softening points 
from three sources. These data are given in Table II and, as noted there, 
were obtained by the manufacturer, the Navy Department and the 
Bureau of Standards. They indicate that differences of '/: to 1 cone can 
be expected in softening point determinations and that the analyses for a 
single constituent may vary, generally, from 0.1 to 2.0%, although varia- 
tions of over 5.0% were noted. 

It should be borne in mind that these data on chemical compositions are 
presented neither in a spirit of criticism nor for the purpose of placing the 
cause for such variations as may exist due to lack of uniformity in the prod- 
uct, precision in analytical methods, or sampling. The fact is that data of 
this character are being used, by different investigators, as representing a 
certain material. Although variations obtained by three different labora- 
tories do not necessarily vitiate the value of the results as a basis for inter- 
pretation, they are far too great to overlook. Also, it is hardly fair to the 
manufacturer to conclude that the product varies as much as indicated by 
these results but it is evident that a combination of variations in product, 
methods of sampling, and testing used by different investigators have 
produced the differences noted. In order then to obtain a better basis for 
comparisons it seems imperative that methods for sampling and testing 
must be clearly defined. 


Conclusions 
The outstanding result obtained in this work is the indication that 
plastic clay refractories, as now manufactured and as typified by the 
brands tested, are inherently the equal of the so-called highest grade 
refractory clay brick and are more uniform in composition and quality 
than that group of brick which are on the market as being of No. 1 refrac- 
tory quality. 


1 Loc. cit. 
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The general conclusion just stated is based on the following experi- 
mental results: 

1. The water content varies from 9.3 to 15.7 %, averaging 12%. 

2. The drying shrinkage was practically uniform, averaging 1.5%. 

3. The dry modulus of rupture varied generally from 33 to 57 pounds 
per square inch, although a minimum of 27 pounds and a maximum of 111 
pounds per square inch were noted. The average was 48.6 pounds per 
square inch. 

4. Screen analyses indicate that the materials average 60% grog and 
40% plastic clay. The sizing of the grog varied over wide ranges, but had 
no noticeable effect on the other properties of the product. 

5. The SiO, content varied from 43.8 to 65.6%, the AlO; from 30.9 
to 50.8%, FesO; from 0.6 to 1.9%, TiOs from 0.2 to 2.3%, and alkalis 
(by difference) from 0.2 to 2.4%. 

6. The softening points ranged from that of cone 30 to that of cone 34. 

7. Resistance to spalling was uniformly high, from 15 to 50 quenchings 
being required to produce failure. 

8. The specimens, when transversely loaded in the endurance test, 
showed deflections averaging from */ 2 to ''/ 3 inches, the average being °/ 9. 

The data also indicate: (a) that brick of high resistance to spalling and 
low absorption (within the range for the materials tested) show better 
resistance to failure in the Navy Simulated Service Test; and (b) that 
a variation of from '/2 to 1 cone in softening point determinations and, 
generally, from 0.1 to 2.0% on each constituent in chemical analyses can 
be expected for different samples representing one brand or product when 
tested in different laboratories. 
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METHODS AND MANUFACTURE OF SEWER PIPE IN CANADA' 
By CHARLES A. MILLAR 
ABSTRACT 
Description of clays used and methods employed in production of sewer pipe in 
Canada. 
History 

The manufacture of Sewer Pipe in Canada dates back to about 1860. 
About that time a small factory was established in the City of Hamilton 
and continued up to the present time, now under the name of the Toronto 
and Hamilton Sewer Pipe Co., Ltd. The Ontario Sewer Pipe and Clay 
Products Co., Mimico, was founded by Andrew Harris in 1892, and 
carried on under his leadership until 1913. The Dominion Sewer Pipe 
and Clay Products Industries was founded by Thos. Kennedy in 1903, 
began operations early in 1905, and he is still the leading spirit in its 
administration. 

Besides the three plants in Ontario, four others are manufacturing sewer 
pipe in the Dominion of Canada. ‘The Standard Clay Products Company 
operate a plant at New Glasgow, N. S., and one at St. Johns, Quebec. 
These plants evidently use a fire clay or mixture. The tile fire to a dark 
reddish brown and are of good quality. 

Another plant is operated at Medicine Hat, Alta., firing with natural gas. 
Their clay is brought a distance of 300 miles from Willows and Ravens 
Crag, Sask. Still another plant is operated at Kilgard, B. C., where fire 
clay is used. Another plant was started at Carmen, Manitoba about 1913. 
They were endeavoring to make sewer pipe from blue shale but after ex- 
perimenting about a year with mixtures without success, the war coming 
on in 1914, they were forced to discontinue. 

Three companies produce practically all the sewer pipe used in Ontario. 
Some pipe is shipped to other provinces. 


Clay Used in Ontario 

As there is no fire clay in Ontario, all three plants use the surface clays 
from Waterdown. This deposit is about six miles from the Hamilton 
plant, thirty-two miles from Mimico and thirty-four from Swansea. 
The clay covers about six square miles on the Grand Trunk Railway be- 
tween Toronto and Hamilton. 

The clay used in Ontario is known as Medina or Queenston shale. No 
doubt at one time it was solid shale, the same as underlies the clay. Weath- 
ering and leaching have disintegrated the top portions of the shale. By 
using care in gathering, this loose material makes a good sewer pipe, very 
strong. It takes a good glaze of dark maroon, almost black. 


' Presented at the Annual Meeting, AMERICAN CERAMIC SocriETY, Columbus, Ohio, 
Feb., 1925. (Heavy Clay Products Division.) 
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This clay is in a rolling country with ridges 40 or 50 feet above the level 
with practically no clay on the top. The usable clay is confined to the 
valley and sides of the hills about half way up. 

As a rule there is only about two feet of good clay. Often in trying to 
get more we run into an excess of lime, which spoils for glazing our better 
class of clay. The ground is very uneven and considerable underbrush has 
to be removed leaving many small roots which have to be eliminated by dry 
pans and screens. 

The analysis of our clay is as follows: SiO: 65.04; 
2O3 16.14; FesO3; 6.37; CaO 0.80; MgO 21.7; 
0.64; KeO 3.21; 0.12; ignition loss 5.98. 
Method of Clay Each of the three companies use a different 
: method in gathering their clay. For many years 
Gathering : 
we loaded our clay with teams and scrapers, plow- 
ing at first and taking sods and roots to a convenient dumping place. 
The cleaner clay was loaded on dump cars of about two yards capacity, 
transferred to a siding and there dumped into gondolas of 30 to 35 tons 
capacity. For the past two years we have used a Bay City gasoline 
shovel with splendid success. It dips too deep sometimes, or the 
foreman is not careful enough in testing with acid as he goes along, and 
consequently we get an excess of lime sometimes with bad effects on the 


Analysis of Our Clay 4] 


glaze. 

The Dominion Sewer Pipe Company have for many years gathered 
their clay with a drag line. The Hamilton plant use a ditching machine 
and load directly into motor trucks transporting it to the plant without 
further handling. 

Our raw material which should be cheap becomes a very expensive item 
before it ever reaches the factory. A rough estimate for freight and load- 
ing charges for our plant, using about 600 cars a year, amounts to $30,000 
annually before we put a shovel in it at the factory. 

Another difficulty in a wet season is the moisture 
content of the clay. Clay containing an excess 
of moisture will not grind or will grind only so 
slowly that we cannot get clay fast enough to run. To overcome this, we 
have two large clay sheds about 100 feet long by 35 feet wide with cement 
floors underlaid with steam pipes, about 12 inches apart. Through these 
pipes is passed part of our exhaust steam in the daytime and live steam 
at night. Wet clay is spread on the floor for twenty-four hours of 


Clay Drier 
and Storage 


drying. 

These sheds-are used as storage for winter supply. We try to have 
the sheds filled by the end of October. This gives us material to run 
from two to three months while frost is in the ground and the clay too wet 


to work. 


| 
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Pipe Manufacturing 

After the clay passes the dry pan and screens 
it goes to storage bins to be drawn as needed. It 
is tempered in wet pans to suit the size of pipe being made. 

In the larger sizes from 12 inches up we put up 
a certain amount of grog or broken pipe. The 
grog is ground in a special dry pan. The amount varies according to the 
size of the pipe; two shovels for 12-inch pipe and seven or eight shovels of 
grog to each pan of clay for 24-inch pipe. The grog keeps the clay open 
so that carbon and gases contained in the thick walls of the pipe may pass 
out in firing without blistering or splitting the ware. This has worked 
successfully in all the Ontario plants when enough grog has been added. 

Our presses are placed on the second floor in each 
of the three factories. The pipe are dried on 
slatted floors with steam pipes underneath on the second, third and fourth 
stories. As the pipe are made they are elevated or lowered to the desired 
location, the press floor usually being reserved for the larger size of pipe. 
Drying requires from one week to ten days. 


Clay Preparation 


Use of Grog 


Pressing and Drying 


Kiln Firing 

Our drier floor capacity is about six kilns, so we usually set from four to 
six kilns per week. Last year with eight kilns, we fired 240 kilns of ware. 

Until 1924 we usually took from six to seven days 
to watersmoke and fire. On my return from the 
Convention of this Society at Atlantic City last year, we decided to re- 
duce the firing schedule. We fired off three or four kilns in 96 hours, or 
4 days. On opening these kilns we found that while they were fairly well 
glazed in the larger sizes, a black cord appeared but no bloating. We 
came to the conclusion that the fire had not had time to soak through after 
watersmoking which takes about 60 hours. 

Our next experiment was on a five day basis for the full firing time from 
lighting up. This was held throughout the year, cutting our average firing 
time to 115 hours. We were able to make a big reduction in fuel, time and 
labor, and have more use of the kilns. According to our pyrometer our 
kilns fired off at from 1790° to 1830°F but cones show that our heat is 
around 2000°F. 

Our clays have a very narrow temperature vitrification range. Great 
care has to be taken when finishing and salt glazing. One extra fire may 
cause a loss of nearly all the top pipe and two may put it down into a heap. 

In salt glazing one or two shovels of ground manganese ore, as fine as 
we can get it, are added to each barrow of salt. This gives a darker color 
than can be obtained with the plain salt. Out of the 240 kilns fired last 
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year, we scarcely had one pipe that went down, but some were under- 
done on the bottom, due partly to flues becoming blocked. 

We set our kilns two high between the bags, next courses three high, and 
the center of the kiln four high, the larger sizes in the center. 


Cooling and Drawing of Kilns 

In cold weather all fire holes are closed when through firing to avoid 
checking the ware. The kiln is cooling thus for three days, when it is 
opened and drawn. In warm weather this precaution is not taken as the 
ware is not so likely to check. 

On drawing from the kiln the ware is sorted and loaded either on cars, 
trucks, or stock piles, six men carrying out, three are on one horse lorries, 
and three pile on the yard. The setting and drawing are both done by 
piece work. 

Piece Rate 

My own experience in the clay industry dates back to 1906 when I 
took over a brick plant that failed the year before. We instituted piece 
rate and succeeded. In 1919 when I became associated with the sewer 
pipe industry, I immediately began to work at a piece rate basis of manu- 
facturing. The plant was in poor physical condition. I took charge 
about Christmas time. The stock of clay on hand was small and the time 
did not seem opportune to try out the idea. The company was paying good 
wages for a very low production. It seemed impossible to run one hour 
without a stop to adjust something or take a bolt or nut from the die, 
which, no doubt, had been deliberately thrown into the clay so that they 
might have a rest. 

When I mentioned piece-work to the men it had the same effect as 
shaking a red flag in front of a mad bull. The owner grasped it as a 
possible means of salvation, for we could see no other way out of the 
difficulty. We drafted a price list, and spent a month on much needed 
repairs. In the spring with new clay shipments coming in, we set a day 
to put our new plan to a working test. 

The men were guaranteed at least as much as they were being paid. 
We started on 4-inch pipe, and where formerly they would make 300 an 
hour they stepped up to 600 and 700 an hour. During 1924 our average 
run on this size of pipe has been 760 per hour. All other sizes have been 
in proportion. We have no regrets for making the change. 

We have made two changes in our piece rate. About two years ago we 
made a cut of about 5% and another 5% cut has just been made operative. 

We have extended our piece-work to kiln setting and drawing, unloading 
coal and clay. We formerly worked ten hours a day but for the last two 
years 44 hours is a full week’s work, and many times have to slow down our 
presses because of shortage of room in the factory. 
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The setting gang would take the full ten hours to set a kiln. At the 
present time a gang of eight men will set a regular kiln in six hours or three 
in two days. Our drawing gang of twelve men who formerly took the full 
day to draw a kiln and load the trucks will now draw a kiln in four hours 
with ease, leaving the balance of the day for other yard work. 

Our men are covered under the Workmen’s Compensation Board when at 
work. We also carry an Insurance Policy of from $500.00 to $1000.00 
on every man connected with the plant who has been with us over six 
months. ‘This also carries sickness and accident benefits when not around 
the plant, and a nurse when needed. To our idea this is all good business 
as a contented man is an asset to any company and will do better work 
willingly when treated as a man. 

For the past four years we have had meager labor turnover. Our con- 
clusion is that day work is only a makeshift and that piece-work rate is 
practical and more satisfactory to all concerned. 


ONTARIO SEWER PIPE AND CLAY Propucts, LTp 
MIMICco, ONTARIO 
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THEORY OF EVAPORATION WITH SPECIAL REFERENCE 
TO THE EFFECT OF AIR VELOCITY AND OF 
MOISTURE DIFFUSION! 

By A. E. Stacey, Jr. 

ABSTRACT 

This paper discusses the fundamental principles of drying and shows their practical 
application to the problems in the drying of clay ware. 


Fundamental Concepts 

The initial rate of evaporation of water from a clay containing from 25% 
to 40% of water is practically the same as the rate of evaporation from a 
free liquid surface. So, for the sake of simplicity in discussing the laws 
of evaporation, let it be assumed that we are dealing with evaporation 
from a free water surface such as in a shallow pan. 

Molecules are constantly in motion varying in 
intensity and magnitude with temperature. This 
movement of water molecules creates a definite pressure or force acting 
against the mutual attraction of the molecules, tending to cause their 
separation. This pressure within a body of water is known as the vapor 


Vapor Pressure 


pressure or vapor tension. 

The molecules near the surface, due to their movement, will have a 
tendency to leave the body of the liquid and pass away in the form of 
vapor. An enclosure over the surface of the pan will restrain the vapor 
leaving the liquid and build up a pressure in the enclosure. Evaporation 
will proceed at a gradually diminishing rate until the pressure in the 
container becomes equal to the vapor pressure of the liquid. When this 
equilibrium is established, the number of molecules leaving the surface of 
the liquid will equal the number of molecules returning to the surface from 
the vapor. The pressure of the vapor in the vessel will then equal the 
vapor pressure of the liquid. Further evaporation will not take place. 
Under these conditions the enclosure is said to be saturated with the 
vapor. 

The rate of evaporation varies directly with the difference in the vapor 
pressure of the liquid and the vapor pressure above the liquid. 

These pressures are measurable directly with a manometer. At 78°F, 
the pressure is 1” mercury, at 98°F 2”, etc. It is interesting to note that 
within certain limits the vapor pressure approximately doubles for every 
increase of 18°F. 

If no heat is added to the liquid or to the en- 
closure above the liquid, heat is taken from the 
liquid by the molecules leaving the surface, thus 
cooling the liquid. When the liquid cools to a 


Effect of Evaporation 
on Temperature 
of Liquid 


1 Reed. April 29, 1925. 
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point where the vapor pressure of the liquid in the ware equals the vapor 
pressure of the vapor in the enclosure, evaporation will cease. 

In this case we have assumed that evaporation took place only as the 
result of the heat in the liquid. If above the surface of the liquid there is 
dry air at a temperature higher than that of the liquid the heat from the 
air would tend to replace the heat of evaporation lost by the liquid. Evap- 
oration would then proceed until equilibrium is again reached. 

If there is a constant supply of heat and the vapor pressure in the vessel 
does not accumulate, the rate of evaporation will remain constant for there 
will be a constant difference between the vapor pressure in the air and in 
the water. This is what happens in a drier without air circulation. The 
air of the room is heated by coils, and by conduction the air heats the 
moisture in the material thus maintaining the rate of evaporation. 


Fic. 1.—Experimental observations of wet bulb errors at 
102°F (Carrier and Lindsay). 


Practical Observations and Applications 

While the vapor pressures can be measured 
directly, in practice it is much more convenient 
to make psychometric readings with a wet and dry 
bulb thermometer and, by a reference table, indirectly obtain the same 
values. The dry bulb thermometer registers the temperature above the 
surface of the liquid. The difference in readings of the dry and the wet 
bulb thermometers is an approximate measure of the heat head which 
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This is a convenient means for determining the evaporation power of air 
inadrier. For example, other conditions being equal, a difference between 
the wb and db of 20° would cause evaporation to proceed at twice the rate 
as if the difference were 10°. 

Without circulation the rate of evaporation is 
retarded due to slow diffusion of vapor at surface 
of the liquid and will cease entirely as soon as a 
balance in heat is obtained. In case of the open pan water surface, if 
the supply of heat is constant and the water vapor is carried away by the 
air as it leaves the surface, the rate of evaporation will increase in almost 
direct proportion to velocity increase when the air velocities are above 300 
feet per minute. With air velocities less than 300 feet per minute there 
will be a variation from the straight line relationship between the rate of 
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B.T.U. per Square Foot per Hour 


Fic. 2.—Heat transmitted by evaporation from a free water 
surface. 


evaporation and the velocity, due to imperfect diffusion of the vapors from 
the’ Sutfacé. "This variation has been studied by Carrier and Lindsay in 
a work on the error of the wet bulb temperature. Their results are 
ed 
Eire 2 OY mie bie data obtained by others both for the rate of evapora- 
tio eat Ae er Siltfaces parallel to the path of the air and also for vertical 
surfaces per dicular to it. 
The these curves may be written as follows: 


For the aid OF air parallel to a horizontal surface- 
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For flow of air transverse to a vertical surface 


Vv 
H = 200 (: = =) (e’ — e) (Coffey and Horn) (Carrier) 


H = B.t.u. per sq. ft. per hr. 
e’ = vapor pressure of the water corresponding to its temperature 


é = vapor pressure in the surrounding atmosphere 
v = velocity of the air in ft. per min. 


It is of special interest to note that the effect of impact:of the air against 
the surface is approximately double that of air passing parallel to the 
surface. Furthermore, that evaporation increases approximately at a 
constant rate for every 230 feet increase in velocity. That is, at 230 feet 
per minute velocity the evaporation is twice that in still air, at 460 feet 
per minute velocity it is three times, etc. 
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Fic. 3.—Variation of rate of evaporation with moisture content. 


In the above discussion it has been assumed 

that evaporation took place from a free moisture 

surface. However, in ceramic ware the case is more complex. In clay 

ware the rate of evaporation is limited by the rate of diffusion, that is, by 

the rate at which moisture will flow from the interior to the surface. For 

small wet bulb depressions, however, the rate of evaporation is approxi- 
mately the same as from a free water surface. 

In ceramic ware there isa maximum rate of diffusion of moisture for each 
temperature. An increase of velocity of air beyond that for maximum 
rate of diffusion at a given temperature will have no appreciable effect on 
the rate of drying. 

The rate of diffusion of moisture in the ware will vary with the tempera- 
ture. The vapor pressure of the moisture in the piece will increase with 
temperature. 

Figure 3 illustrates the diminishing rate of evaporation per degree depres- 
sion due to drying of the surface. These curves are from actual tests on 
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ceramic ware in a commercial drier. The 100% line indicates evapora- 
tion from a free water surface and may be used as the datum line. For 
material No. 2 the rate of evaporation held up fairly well and for the entire 
run the rate equals about 66% of the theoretical. In material No. | 
the average evaporation rate was not greater than 30% of free moisture. 
This would indicate that surface drying was exceeding the rate of diffusion 
of the moisture in the ware. 


Conclusions 


1. The rate of evaporation varies with the wet bulb depression of the 
atmosphere surrounding the material to be dried. 

2. The rate of evaporation from a free liquid surface increases the same 
amount for every 230 feet per minute increase in velocity of the air passing 
over the surfaces. 

3. The rate of evaporation is approximately twice as great from a 
surface transverse to flow of air as from a surface parallel to the flow of air. 

4. The rate of diffusion of moisture in the ware is a function of the 
temperature of the ware. This limits the available moisture at the ware 
surface and hence the effective air velocity at each temperature. 


A NOTE ON COMPARISON OF ENGLISH VS. ORTON 
PYROMETRIC CONES' 


By SANDFORD S. 
ABSTRACT 
The English made pyrometric cones from 10-32 inclusive were compared to Orton 
cones for fusion values. The results are expressed in Orton cones. The work was done 
in a pot furnace and the comparison was intended to give values for this type of work. 
A drawing shows the position of English as to that of Orton cones. 


In the course of our work on refractories, The Koppers Company 
Laboratories have found it necessary to obtain a comparative value of the 
cones used in England for fusion values and these here produced by Dr. 
Orton. Aset of cones from numbers 10 to 32 inclusive was sent from Eng- 
land and tested to obtain the value of the cone as expressed in Orton 
values. 

Since the cones were to be used in pot furnace fusions the only compar- 
ison made was in a pot furnace. The cones were set, as is customary of pot 
furnace practice, in an alundum plaque embedded to the depth of '/s inch. 

The cones were the small size 

about the same as the Orton 
A. cones 26 to 40. The cones were 

rdaA_ The two Orton cones next lower 
: » aan LA area A A the English and then the Orton 

cone of the same value and one 
pee: 24 | of higher value. The plaque 
was removed from the furnace 
anal 4 a when the English cone touched 
down. ‘The fusions were re-run 
and checked so as to be certain 
that there was no furnace misbehavior. The furnace was heated as near to 
the A. S. T. M. rate as was possible. 

In the case of some of the cones of 12-15 bloating and bubbles were found 
tooccur. A great irregularity in the English cones was found to occur and 
the general conclusion reached was that the English makers of cones did 
not have the grade of materials used here in this country. 

In Table I is given the results of the fusions. ‘The temperature of the 
English cone is the one which was assigned the cones, while the tempera- 


Fic. 1.3 


1 Presented at the Annual Meeting of AMERICAN CERAMIC SocrETy, Columbus, 
Ohio, Feb. 1925. 

2 Industrial Fellow, The Koppers Company Laboratory, Mellon Institute, Pitts- 
burgh, Pa. 

* Piaque reading 27, 2! 30, 29, 30 should read 27, 28, 30, 29, 30. 
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TABLE I 

J COMPARISON OF ENGLISH AND ORTON PYROMETRIC CONES 

Orton cones 

English cones Averaging 2 or 3 runs 
Cone no. Degrees C Cone no. Degrees C 

10 1300 11 1350 
11 1320 11 1350 
12 1350 12'/s 1380 
13 1380 13 390 
14 1410 1380 
15 1435 131/2 1400 
16 1460 15'/2 1440 
17 1480 1500 
18 1500 19 1510 
19 1520 18 1490 
20 1530 20 1530 
26 1580 20 1530 
27 1610 201 1540 
28 1630 26 1550 
29 1650 263/, 1565 
30 1670 27!/s 1580 
31 1690 30'/» 1640 
32 1710 31 1650 

ture of the Orton cone is that which was accredited by the Bureau of 
Standards, March, 1924. 

Figure 1 shows diagrammatically the position of the various cones when 
the English cone touched down. ‘The center or underlined cone is the Eng- 
lish cone. ‘The cone number appears below each cone. 
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Corundum fields of S. Africa. ANon. J. Soc. Chem. Ind., 44, 384(1925).— 
Extensive corundum fields in N. and E. Transvaal cover an area of 2000 sq. miles, and 
additional occurrences are being located. During the war a keen demand for abrasives 
stimulated local production... It is estd. that an output of several hundred tons per 
month of first-grade crystal corundum could be maintained for a period of years. 

H. H. S. 
PATENT 

Abrasive article. MINER L. HARTMANN. U. S. 1,538,111, May 19, 1925. An 
abrasive article consisting of abrasive grains united by alumina cement composed 
substantially of mono-calcic aluminate. 


Cement, Lime and Plaster 


Factors affecting brick masonry strength. S. H. INcBErRG. Proc. A. S. T. M., 
24, Part II(1924).—The properties of five kinds of building brick are discussed with 
reference to the resulting strength of the masonry. These tests were made on wall 
sections capped with gypsum, or Portland cement and gypsum. 1,000,000 Ib. hy- 
draulic testing machs. were employed. Vertical cracks in the brick were taken to indi- 
cate the first sign of failure. In no case were well defined planes of shearing formed. 
The results brought out that there is a general increase in strength of masonry with 
individual strength of brick. The degree with which the bond with the mortar is 
effected is an important factor. Brick with rough surfaces develop higher relative 
strength than smooth hard surface brick. As the cement content of the mortar in- 
creases there is a consistent gain in strength. Hollow brick wall sections laid with 
brick on edge developed on the average approx. 80°% of the strength of solid walls of 
comparable thickness. H. G. F. 

Disintegration of Portland cement in sulphate waters. T. THORVALDSON, R. H. 
HARRIS, AND D. WoLocuow. Ind. Eng. Chem., 17, 467—70(1925).—Solns. of Na,SO,, 
MgSO,, and their mixts. were shaken with set Port. cement and analyzed. Extrac- 
tions by 1.64% NaSO, removed 84% of the CaO present and the limit had not been 
reached. ‘The later extractions contd. AlO; and SiO.. The presence of CaCl, in soln. 
inhibits slightly the liberation of free CaO, whereas NaCl slightly accelerates it. Crys- 
tallization with increase in vol. is not taken into account in the disruption of concrete. 
The expts. indicate that complete disintegration of Port. cement may take place with- 
out crystn. playing any part except under certain conditions of alternate wetting and 
drying to accelerate the disruption of the already weakened structure. The difference 
in appearance of mortars and concrete disintegrated by various sulphate solns. is noted. 
With NaeSO, the product is soft like putty; with MgSO, it is hard and granular; with 
mixts. the Mg is in control. H. H. S. 

X-ray researches on the dehydration products of gypsum. H. Junc. Z. anorg. 
Chem., 142, 73-9(1925); J. Soc. Chem. Ind., 44B, 284(1925).—The lattice structure of 
CaSO,.'/2 H2O is not altered by the gradual loss of water up to 200°; above this temp. 
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the anhydrite structure is formed. Stucco plaster (6.94% H,O) consists almost ex- 
clusively of the hemi-hydrate. H. H. §S. 
Quantities of materials for concrete. Durr A. ABRAMS AND STANTON WALKER. 
Bull. 9, Structural Materials Research Lab.—A second edition of Bull. 9 of the Struc- 
tural Materials Research Laboratory, Lewis Institute, Chicago, “Quantities of Ma- 
terials for Concrete,’’ by Duff A. Abrams and Stanton Walker, has been issued. The 
principal subject-matter of the Bulletin is a series of tables of proportions and quantities 
for Portland cement concrete for compressive strengths of 2000, 2500, 3000, 3500 and 
4000 Ib. per sq. in. at 28 days, using fine and coarse aggregates of different sizes, and 
concrete of a wide range of workability as measured by the slump test. The tables 
are based on the water-ratio method of proportioning concrete developed in this Labora- 
tory as a result of many thousands of tests. They differ principally from tables by other 
authors in that the proportions have been selected with definite strengths in view, and 
take into account the quantity of mixing water as well as the size and grading of the 
fine and coarse aggregates. This Bulletin was first published in 1921, but had been out 
of print for several months. In the second edition, the text has been rewritten to consti- 
tute a more complete discussion of the subject. A method of taking into account the 
differences in volumes of materials when measured in the Laboratory and when measured 
under field conditions is described. The descriptions of field and laboratory test methods 
have been enlarged and include reeent changes in the Standards of the American Society 
for Testing Materials. Ep. 
Iron cements. P. MarTEeLL. Chem.-Zig., 49, 157-8(1925).—With increased 
prices for Fe products repairs are now called for that would not have been attempted 
when Fe was cheap. For this type of work and for emergency repairs practical receipts 
for prepg. and using some 30 Fe cements are offered. The one of most general applica- 
tion consists of 85 pts. Fe filings, 10 pts. S flowers and 5 pts. NH,Cl, moistened with 
H:O before use. (C. A.) 
PATENTS 
Process of making iron and cement. Epwin C. EckeL. U. S. 1,536,381, May 5, 
1925. The process of producing iron and alumina cement, comprising fusing a mixt. 
of iron bearing ore low in silica and calcareous mats. in such proportions that the result- 
ing slag will contain a relatively high proportion of alumina and less than 15% of silica, 
separating the reduced metallic iron and the slag, and cooling and grinding the latter. 
Process of making iron and cement. Epwin C. Ecker. U. S. 1,536,382, May 5, 
1925. The method making cement and iron, comprising charging into a fur. calcareous, 
aluminous and ferruginous mats. in such proportions as to constitute a charge contain- 
ing after loss of its volatile constituents, not less than 25 nor more than 55% of lime, or 
of lime and magnesia together, not less than 25 nor more than 50% of alumina, nor more 
than 10% of silica, and not less than 10% of iron oxide, fusing such a charge to the 
point of complete melting of all its constituent raw mats., in a blast or electric fur., 
allowing sufficient time for separation of the reduced metallic iron and the lighter cement- 
forming compounds, tapping off the iron and the cement-melt separately, and grinding 


the latter to powder. 
Enamels 


Full muffle versus the newer types of muffle furnaces. E. B. PRENTICE. Fuels 
and Fur., 2, 20(1925).—Explains attempts of builders to improve the old muffle types 
of enameling kilns so as to compete with later models in which the gases are muffled 


instead of the ware. R. 


Cleaning iron and steel for enameling. C. W. Meniinc. Fuels and Fur., 3, 132 
(1925).—A rapid process for cleaning sheet iron and steel for japanning and enameling 


| 
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consists in dipping in a Monel metal basket into 3 solns. First a boiling Wyandotte 
soln. for 15 min., then acid for 10 min. and finally a boiling soln. of sal-soda, for a few 
mins., rinsing in warm water between each soln. Strength of first soln. is 6 oz. of Wyan- 
dotte per gal. of water, second, 2 parts water to 1 part muriatic acid and third, 100 Ibs. 
sal-soda to 1000 gals. of water. Two men can clean about 24,000 sq. ft. of surface per 
9 hr. day and the cost is $.008 per sq. ft. including overhead. R. D. 1. 
Heat interchanger used in drying enamel frit. ANon. Fuels and Fur., 3, 153 
(1925).—Description of installation by Drying Systems, Inc., for utilizing waste ht. 
from smelter for drying frit. Capacity is 750 lbs. in 45 min. R. D. &. 
PATENTS 
Apparatus for enameling articles. Exvior O'Hara. U. S. .1,535,850, April 28, 
1925. App. for enameling articles having a conveyor for supporting the articles while 
receiving the coating of enamel, a second conveyor onto which the coated articles are 
transferred automatically from the 


y said first conveyor and a fur. 
= through which the articles are 
= carried by the second conveyor, each 


conveyor having a plurality of 

parallel runs, the adjacent ends of the runs of the two conveyors lapping past each 

other for some distance in such manner that the lapping portions of each run of each 
conveyor will be intermediate two runs of the other conveyor. 

Vitreous enameled tile, brick, and the like. JAMES HENRY EDWARD FRANCIS. 

U. S. 1,535,301, April 28, 1925. A vitreous enameled tile, 


. . = 
brick or the like formed from a metal plate having inwardly 
curved edges, characterized in that said edges throughout 
their length are each inwardly turned through an angle greater 
< 


than 90° without joint, as set forth. 


Glass 


The “Basic Glass” industry. A. Brcor. Le Verr., 5, 4-6(1925).—Synthetic basic 
glasses in the vitreous state are colloidal in nature. They are in an unstable condition 
and are sensitive to variations in temp. and to impact. Crystallization gives them a 
definite state and determines their resist. to phys. forces which constitute their principal 
property. The mech. resist. depends upon the nature of the crystals formed. The 
principal methods of studying them apart from chem. anal. are by the microscope, meas. 
of shrinkage, resist. to wear and resist. to crushing, etc. The formation of crystals is 
accompanied by a shrinkage which is measured on rods of the glass. The rods are heated 
successively for an hour to temps. from 800° to 1050°C, in 50° intervals, and cooled 
after each heat treatment when the change in length is measured. After prolonged 
htg. at 1000° the max. shrinkage is obtained. Above 1050° the rods lengthen, swelling 
slightly and thereby lose some of their mech. strength. They are then in the vicinity 
of their softening temp. Crystallization of a basic glass causes the crushing strength 
toincrease. Vitreous test pieces broke at 1420 kg. per sq. cm. whereas similar specimens 
reheated to effect crystallization broke at 2400 kg. The type of crystals and their 
formation have an influence upon their mech. properties. A basic glass obtained from 
slag from copper smelting has crystals of the peridot class. A glass obtained from 
cinders and clinker contain babingtonite. Microphotographs of several thin sections 
are given. In comparison with other materials the basic glasses have greater resist. 
to wear measured by a Dorry machine—hbasic glass 0.8-1.1 mm., granite 1.85 mm., 
natural (paving) stone 2.05 mm., natural basalt 2.66 mm., stoneware tile 1.55mm. The 
resist. to shock and to bending depends upon the state of crystn. and is higher for basic 


= 
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glass than for ceram. tile of similar dimensions, the basic glass breaking at 1040 kg. and 
the ceram. products at 463 and 481 kg. The basic glasses are poor conductors of elec- 
tricity, although some contain sufficient iron to be attracted toa magnet. Their resist. 
to puncture is lower than that of porcelain and it seems to diminish as the proportions 
of bases increase, the state of crystn. having little influence on the elec. resist. The 
basic glasses cannot be used as insulators for voltages greater than 100,000 volts. It 
is shown from (French) mfg. costs that paving blocks made from cinders and clinker 
cost less than the common paving blocks made from ceram. mats. or natural stone. 


L. N. 
Fused quartz. R. Pacer. Nature, 113, 748-52(i1924).—Review contg. a con- 
siderable amt. of phys. data. W.M.C 


Absorbed gas layers on glass surfaces. A preliminary measurement of a primary 
gas grown skin. J.J. Mauteéy. Proc. Phys. Soc. London, 36, 288—90(1924).—A nude 
glass surface, when first exposed to a gas acquires by adsorption a layer of gas (primary 
skin). This layer adheres to the glass under ordinary conditions even in high vacua. 
This layer adsorbs more gas which may be removed by high vacua. M., by studying 
the amt. of air removed from a highly evacuated glass container which was subjected 
to a glow discharge, calculates the thickness of this primary skin as 20 molecules. This 
is considerably more than the value given by other investigators. W. M. C. 

The use of alumina in glass. D. J. McSwiney. Glass Indus., 6, 69—72(1925). 
Addition of Al,O; to a high lime batch increases the melting rate and in a low lime batch 
decreases it, but the effect is not great below 3%. Al,O; similarly increases chem. resist. 
of low lime glass and decreases resist. of high lime glass. It is valuable in tube glass for 
reducing tendency to devitrification upon repeated heating. Alumina glass has a wider 
working range and lower min. working temp. than the straight lime glass. Clay is the 


cheapest source of Al,Os. D. E. S. 
Raw materials of the glass industry. J.B. Krak. Glass Indus., 6, 73-6(1925). 
This article discusses sand used in glass making. D.E.S 


Note on some properties of a sandstone block, after use in a glass furnace. H.S 
HoutpswortH. Jour. Soc. Glass Tech., 9 [33], 3(1925).—A detn. of the depression of 
the fusion temp. of refrac. mats. when mixed with the same propn. of the same glass 
indicates their relative resist. to the solvent action of the glass. To this end therefrac. 
mat. and the glass were ground separately until they passed a 100-mesh screen, and were 
then thoroughly mixed in the desired proportions. Cones were made and were heated 
with standard cones until fusion took place. Powdered Penshaw stone has a somewhat 
greater resist. to chem. attack by a soda-lime glass than has a good fire clay brick after 
powdering. Penshaw stone retains a close, compact structure when used in a glass 
fur. This tends to hinder the penetration of glass into the stone, so adding to the life 
of the refrac. mat., and aiding its successful use in fur. construction. A detn. of the 
depression of the cone fusion temp. of the powdered refrac. mat. when mixed with pow- 
dered glass, taken in conjunction with the change in porosity after being fired, furnishes 
a satisfactory guide to the resistance to corrosion of the refrac. articles examined when 
used in a glass fur. Penshaw stone as quarried showed an after expansion of 1.4% 
after heating for 2 hrs. at cone 9 and 1.3% after being fired at cone 14. The reversible 
thermal expansion of the stone after use in a glass fur. was not very different from that 
of a fire clay brick. G. 

The early glass houses of Bristol. FRrANcis BuckLEy. Jour. Soc. Glass Tech., 
9 [33], 36(1925).—During the 18th century Bristol was considered an important glass 
making center. A history of glass making in and about Bristol is given, which includes 
an account of the glass masters of this time, and the various histories of the important 


J.G.P. 


glass houses of this time. 
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Some recent developments in furnaces for glass works. J. S. ATKINSON. Jour. 

Soc. Glass Tech., 9 (33), 72(1925).—A new design of pot furnace is shown in Fig. 1. 4 
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Fic. 1.—Patent Stein Glass Pot Furnace (Unit Type}. 
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Fic. la.—Patent stein glass pot furnace (unit type). 
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Fic. 2.—Patent ““Torpedo”’ glass tank furnace. 
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The general design follows closely the design of the ‘‘Stein’”’ standard pot furnace. A 
design of tank furnace which was developed at the Charlton works of the United Glass 
Bottle Co., by T. C. MoorsHEap is shown in Fig. 2. Instead of the rectangular melting 
and refining chambers as built with the ordinary design of tank fur., the corners of these 
chambers are eliminated, giving a stream line effect. Fig. 3 shows the construction of a 
continuous leer now being installed in the north of England. 3. &. BP. 
A note on new ideas for tank furnace design. T.TrIsen. Jour. Soc. Glass Tech., 
9 [33], 36(1925).—A comparison of the dimensions in modern open-hearth steel furnaces 
and glass tanks is made. The standard type of glass tank, namely, that of the cross 
flame regenerative furnace with a melting and working end, separated by a fixed bridge 
and heated by the flames emerging from three, four or more ports on either side of the 
melting end. It is pointed out that to improve the life of the furnace, the burners 
should not be directed on the side walls. Suggestions for improving the bridge design 
are given. 
Glass tank design. JAmEs A. Voornies. Fuels and Fur., 3, 167(1925).—An 
article explaining design of combustion chambers, calculations of dimensions for ports 
and illusd. with definite figures as to temps. and gas requirements. Rg. DB. i 
Glass tank design. James A. Voornres. Fuels and Fur., 3, 487-91(1925) 
In a previous article author has description of design of combustion chambers and ports. 
This article gives data for design of regenerators, flues and stacks illus. with typical 
figures. R. 
Developments in the glass industry. BJARNE ScHIELDROP. Fuels and Fur., 3, 
41(1925).—A symposium of new patents on the glass making indus. indicates that the 
greatest progress is shown in the plate glass indus. and also that the forming dept. is 
receiving much attention, but that the melting dept. is not receiving the consideration 
it should. Ratio is as 60:13. Re. I... 
The action of caustic soda on Jena glass. E. Carozzi. Giorn. Chim. Ind. ed 
appl., 7, 129(1925).—Caustic soda dissolves out ZnO from the glass. When 50 cc. of 
20% NaOH were placed in a 300-cc. beaker for one hour 0.0458 gr. of ZnO were removed 
from the glass. The method of analyzing is given and a table showing the amount of 
SiO., Al,O; and ZnO dissolved out by 10 N, 2.5 N, N and 0.1 N solns. of NaOH when 
treated with heat and also by standing with the soln. in the container for some length 
S. S. C. 
S 


of time. 
Brittle and elastic glasses. F. JocHMANN. Sprech., 58, 265-6(1925). H.G 
Corrosion of glass surfaces. G. W. Morey. IJnd. and Eng. Chem., 17, 389-92 
(1925).—The mechanism of the corrosion of glass by water is complex, involving in its 
initial stages a probable miscibility of glass, regarded as an undercooled liquid, with 
water, and in its later stages the decompn. of the silicates. At ordinary temps. these 
processes require a long time, but at higher temps. they can be followed in their various 
stages to the end. In interpreting results it is necessary to bear in mind that the term 
“solubility” has no meaning in connection with such complex processes; the tests merely 
afford a measure of the rate of reaction, and great care should be taken to specify the 
conditions of expts. The order of resistance to corrosion of the component oxides of 
glass is: MgO, CaO, BaO, PbO, K,0, Na.O, but complex glasses are superior to simpler 
ones, e. g., the ratio 7 of K,O to 3 of Na,O is superior to KO or Na,O singly. The 
addn. of a small quantity of ZnO or Al,O; is distinctly favorable, while B,Os is a con 
stituent of most of the best glasses. H. Hi. S. 
Selective absorption of colored glasses, and a radio-metric method of determining 
their reflecting power. M. KanaNnowicz AND A. EsTraFaLaces. Compt. rend., 179, 
890-3(1924); J. Soc. Chem. Ind., 44B, 243(1925).—The expression EF = (R6AA ‘d). ES 
determines the reflecting power, R, of colored glass. Epo is the energy of total radiation, 
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E that transmitted; S is based on the emission from the source with regard to the spectral 
zone \; and RéAX/d expresses the monochromatic action of the filter, 6 being the density 
of the glass, d its thickness in mm., and Ad the spectrum band, in microns, transmitted. 
H. H. S. 
Surface tension of molten glass. A. LECRENIER AND P. GinarRp. Bull. Soc. 
Chim. Belg., 34, 27-34(1925); J. Soc. Chem. Ind., 44B, 242(1925).—Surface tension 
in soda-glass is increased by increase of CaO and when CaO is replaced by Al,O;, BaO 
or MgO; and decreased by decrease of SiOz, by increase of Na,O, by replacement of 
Na,O by K,0O, and by addn. of NaeSO, or boric acid. H. H. S. 
Chemical and thermal resistance of laboratory glasses. A. Mauri. Aéti Congr. 
Naz. Chim. Ind., 330-9(1924); J. Soc. Chem. Ind., 44B, 243(1925).—The results are 
given of chem., mechanical, and thermal tests on lab. ware composed of Jena, old 
and 1920, French Labo, Belgian Boromica, Amer. Pyrex, and Italian Murano 1922 and 
1923, glasses. H. H. S. 
Physico-chemical composition of glasses. P. Bary. Rev. gén. Colloid, 3, 1-8, 
43-52(1925); J. Soc. Chem. Ind., 44B, 242(1925).—Silicates of the alkali metals form 
condensation products of the type Na,O-—(SiO.)n—ONa, while those of the bivalent 
metals (Ca, Mg, Pb, Fe, Zn, Ba) not only condense but in addition form complex poly- 
merides of the type (CaO = (SiO.)n = CaO)m. Glass at ordinary temp. consists of a 
soln. of the crystalloidal alk. silicate in the polymerized polysilicate of the bivalent 
metal. The large size of the polysilicate mols. accounts for the rigidity of the glass, 
and also for the decrease of this property by heating, whereby the mols. become de- 
polymerized. Plasticity, which occurs above a certain temp., is due to the plasticizing 
effect of the dissolved alk. silicate on the colloid. H. H. S. 
BOOK 
Theorie der Glasschmelzkunst als physikalisch-chemische Technik. Vol. II. 
Theorie u. Praxis. EBERHARD ZSCHIMMER. Einteilung d. Flasgebiets. Die Quarz- 
gruppe. Die Spiegelgruppe. Jena: Thiiringer Verlagsanstalt u. Druckeri. 208 pp. 
&:) 
PATENTS 
Refining glass. L.S. VeLtio. Brit. Pat. 211,879, May, 1923. No. 4496/24. 
An app. is described for fusing glass in vacuum for removing occluded gases. The glass 
is suitable for sealing electric lamp bulbs by the process of applying a ring of fusible 
glass, as described in Specif. 197,693. W. M. C. 
Window-glass apparatus. James G. CLEVELAND AND Harvey L. KELLER. U. S. 
1,535,717, April 28, 1925. In window glass flattening app. the combination of an intake 
chamber, a fur. chamber and a leer 
chamber, the said chambers being 
straight-walled and arranged in paral- 
lelism and the intake chamber and the 
leer chamber overlapping the fur. 
chamber and communicating therewith 
through lateral openings, and the said 
intake chamber and the said leer 


chamber being arranged vertically one above the other. 

Absorption glass and method of making it. JosEpH CARL PARKINSON. U.S. 1,536, 
919, May 5, 1925. The method of producing glass of high ultra-violet ray absorbing 
properties which consists in fusing a substantially pure cerium compound in a reducing 
batch. 

Apparatus for feeding glass blanks. WittiamM Owen. U. S. 1,536,918, May 5, 
1925. In combination with a tunnel heating chamber and a carrier mounted for move- 
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ment through the chamber, a wheel mounted for re 
rotation transversely of the carrier thereabove and 
provided around its periphery with projecting spaced 
feeding members, an inclined blank carrying chute 
leading to the periphery of the wheel and adapted 
to feed the blanks therein against the periphery of 
the wheel, a retaining flange extending around the 
wheel outward of the blanks to a point above the 
carrier and means for giving the wheel an inter- 
mittent step by step movement. 

Glass and batch therefor. JosEpH CarRL 
PARKINSON. U.S. 1,536,920, May 5,1925. A glass 
for absorbing ultra-violet rays containing cadmium, 
such glass having a yellow tint, and being substan- ¢ 
tially free from coloring matter other than the ‘4 
cadmium. (Ws 

Glass leer. MarsHaL, W. GLEASON AND 
CLARENCE G. MILLER. U. S. 1,537,027, May 5, 


— 


1925. A removable attachment to 
leers, composed of a body forming a 
chamber, one end of which is adapted 
to connect with the mouth of a leer, 
means of closing the free end of said 
chamber and of interlocking pans 

* adapted for transitory passage through 
said chamber. 


Cooling hollow glass articles during drawing. Henry F. 
CLARK. U.S. 1,537,462, May 12, 1925. In the method of draw Uy { 
ing glass cylinders from a molten bath of glass, the steps consisting / 
in cooling the glass, and adjusting the cooling effect around the N 


cylinder by adjusting the position of the cooler relative to the 


cylinder being drawn, substantially as described. 
Process and apparatus for forming 
sheet glass. Ha.pert K. HiTcHcock. 
| | U.S. 1,538,327, May 19, 1925. The 

1} | process of forming sheet glass from a 

UU J + bath of molten glass which consists in extruding the glass 
i. lk through a hot slot and thereby imparting to it a shape similar 
1} | to the finished sheet, subjecting said sheet immediately 
11% adjacent the slot to parallel traveling pressure on its 


opposite faces and for substantially its entire width and 
thereby imparting more accurate dimensions thereto, arti 
ficially cooling said traveling press. means, and pulling the 
sheet from said traveling press. means. 

Glass furnace. JamMES P. WEAVER. U. S. 1,538,229, 
May 19, 1925. The process of 
supplying molten glass to a 


(Ea glass-working machine, consist- J 2 2 
Ess mt ing in melting the glass, flowing 
i = the molten glass through a tank 


to the machine, and at an inter- 
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mediate point along the side of the flowing stream allowing a portion of the surface 
glass to flow out and form cullet. ; 

Glass-feeding apparatus. 
FRANK O’NEILL. U.S. 1,537,961, » 
May 19, 1925. A glass tank hav- 
ing a pool of molten glass, said 
tank having a projecting portion 
into which the pool extends, said 
portion being provided with a 
bottom outlet, relatively movable 
sectional suction means for with- 
drawing glass from the pool 
through the outlet, said means 
being movable laterally to a posi- 
tion adjacent said outlet, and then 
directly toward said outlet into 
sealing position at said outlet and then downward, and a shear operable relatively to the 
means for severing the molten glass from said means. 

Plunger gathering of glass. FRANK 


O’NEmu. U.S. 1,537,962, May 19, 1925. A 
glass feeder plunger drive embodying a rock eo a 
shaft having two pinions, a piston and cylinder ” 
actuator for one of the pinions, and a plunger * 
3 
stem driven from the other pinion. a ee 
+ 
chanism. FRANK all 
UE 1,537,963, May er is 
+ “as ing a table, a = as 
as. 42 as 
= carried by the // | 
- ‘a 
mittent drive for 
° { 
20 table to a posi- 
= tion of rest for the mold, mold opening means, a take-off 
>” : embodying ware gripping means, a first gear rotatable "7 Pe 
22 = . 
2 with the table, a second gear in mesh with the first gear : es 
= drive for bringing the gripping means to said mold posi- 


On tion of rest, actuator mechanism for lowering the grip- 
ping means towards the opening mold, additional means 
coacting to effect gripping of the ware by the gripping means, and control means for 
reversing the actuator mechanism to 
lift the gripped ware, said connections 4g: 4 
coacting to shift the gripping means *-~= «+ 
and ware held thereby away from said a val 
additional means. 
Means for transferring ware to Vi: 
leers. RicHaRD LA France. U.S. \ 
1,538,248, May 19, 1925. The com- 2k 
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bination of a horizontally traveling conveyor, a pusher extending lengthwise thereof, a 
motor having connections with said pusher and operable to move it back and forth 
over the conveyor, a second motor, connections between said second motor and the 
pusher for lifting and lowering the pusher, and controlling mechanism operable to effect 
periodic operations of the motors in a predetermined time relation. 

Glass furnace. JosepH A. REECE. U.S. 1,538,215, 
May 19, 1925. A refractory floater for use in a glass 
tank, comprising a main glass obstructing portion, and 
a glass collecting trough in the top of the floater, one 
side wall of the trough being normally slightly below 
the glass level so that surface glass may flow into the 
trough. 

Floater for glass furnaces. Harry S. CONKLIN. 
—— 7 U.S. 1,538,169, May 19, 1925. A refrac. floater 

for use in a glass tank, the floater having a glass 
retaining ledge along one side below the glass 


level. 
Heavy Clay Products 


= First time on any brick plant. ANoNn. Brick 
=F & Clay Rec., 66 [6], 428-30(1925).—The article 


— describes and illustrates the unusual equipment 

recently installed at the plant of the Bradford 

( = Brick & Tile Co., for handling green and fired 
brick. P. D. H. 

Operating five plants in one group. ANON. 

Brick & Clay Rec., 66 [6], 434-6 (1925).—The 


article describes and illustrates the five plants 
of the Denver Sewer Pipe & Clay Co. Plant No. 1 manufactures sewer pipe; plant 
No. 2, common brick; plant No. 3, fire brick and special shapes; plant No. 4, hollow 
block; and plant No. 5, face brick. All kilns have an inside diameter of 30 ft., and 
are of the round down-draft type. The forced draft system of firing is used on all 
plants with the exception of the sewer pipe plant which finds oil burning very satis- 
factory. A central power station is maintained and all of the plants are operated 
electrically. P. D. H. 
Brickmaking and use of brick in Sweden. G. Wson Cronguist. The Clay 
Worker, 83 [5], 486-8(1925).—The article is continued in The Clay Worker, 83,6. The 
description of the method of manuf. is divided into 2 parts, viz., making ordinary stock 
brick, red face brick and roofing tile from the glacial surface clay (with or without chalk) ; 
and making fire brick, vitrified brick, sewer pipe and proof brick from fireproof and half 
fireproof shale. Due to the severe climatic conditions the average Swedish brick yard 
cannot be operated longer than 120 to 150 days during the year. The clay is dug mostly 
by conveying digging machines of the “pater noster type.’’ The clay is hauled in side 
dump cars ('/: to 2 cu. yds. capacity) drawn by a wire cable around a circuit. With 
this digging and hauling system 2 men do the work of 10 or 12. The clay is dumped 
directly into a mixing feeder composed of a conical trough sloping upward in which a 
shaft with mixing knives mixes the clay and feeds it out the upper end. Very often the 
clay contains pebbles and must be put through rolls, the 2 most common types of which 
are those of Svedala and F. L. Smidth. The clay is used quite soft and the die is water 
lubricated. ‘The size of the brick in South Sweden is 10” x 5” x 2'/,” but in middle and 
North Sweden the size is 12” x 6” x 3”. The auger mach. capacity ranges from 20,000 
to 40,000 brick per 10 hrs. The brick are hand cut (2 or 3 ata time). The green brick 


‘ ‘ 
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are transported to the drier on wheelbarrows or on cars, whereas roofing tile are carried 
on special cars with pneumatic cycle wheels or on chain conveyors. The drier is usually 
located on 2 or 3 floors directly above the kiln for utilizing waste heat. From 10 to 
20 days are required for the brick todry. The glacial clays are very difficult to dry due 


to excessive shrinkage. P. D. H. 
Brick buildings. K. Dimmier. Deut. Tép. Zieg. Ztg., 56, 226-8(1925).—Brick 
buildings in northern Germany and Denmark are described. H. G. §S. 
Good roofing tile. ANon. Deut. Top. Zieg. Ztg., 56, 278-81(1925).—It is claimed 
that good roofing tile must have a low porosity. H. G. §S. 
PATENTS 


Screen plate for clay machines. FRANK C. CARNAHAN. U. S. 1,535,290, April 
28, 1925. Ina clay working mach. the combination of a dry pan comprising a central 
portion, a plurality of radiating braces extending outwardly thereof, a plurality of arcuate 
locking flanges transversely secured to the outer ends 
of said braces, a rim engaging the outer side of said 
flanges, means for securing said rim to said flanges, a 
screen plate frame adapted to be positioned between 
said rim and said central portion and seating at op- 
posite ends on said braces, said frame having its 
opposite outer end portions offset to receive said 
flanges for locking the frame against circumferential 
movement, a pair of screen plates adapted to seat in said frame, said plates having 
openings therethrough for sifting pulverized mat., means for holding the plates within 
the frame, and means for holding the frame to the braces. 

Floating strike for brickmaking machines. IvAN 
C. Frey. U. S. 1,535,303, April 28, 1925. The com- 
bination with a press box from which clay is adapted to 
be expressed, of a strike-off strip secured to said box at 
one side thereof for up and down movement with respect 
thereto, and means for by-passing some of the clay in 
the box onto the said strip to force it downward. 

Brick-stack lifter. A. U. S. 
1,535,430, April 28, 1925. A brick lifting device com- 
prising in combination a hollow frame 
adapted to surround the bricks to be 
lifted, two sets of parallel rigid brick 
supporting fingers mounted in said frame 
at the opposite sides thereof and longi- 
tudinally movable toward and away from 
one another in straight lines into and out 
of the positions in which they jointly 
extend across said frame, and mechanism 
mounted in the frame for giving said 
fingers said movements. 


Refractories 
Do water-cooled furnace walls increase boiler efficiency? JuLIAN HARVEY. 
Power, 61 [14], 542(1925)—The impression has been gained that the use of water- 
cooled walls increases the amt. of ht. absorbed by the boiler. H. is of the opinion that 
in properly constructed fur. walls heat is radiated inside the fur. and absorbed by the 
boiler heating surface. He is doubtful if additional water-htg. surface in the com- 
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bustion chamber necessarily improves the heat-absorbing capacity of the boiler as a 
whole. C. 
Modern methods of batch preparation in the fire brick industry. G. BEenrry. 
Feuerfest, 1, 1 (3) 1925.—Improvements over the old established methods aim to replace 
man power by machines, and improve the quality of the batch by (1) more intimate 
mixing, (2) more uniform water content, and (3) elimination of harmful impurities. 
In contrast to the old open air weathering and pit mixing method the modern tendency 
is to dry and then grind the raw mats. A description is given of a typical installation 
built by the Georg Dorst Mach. Wks. Oberlind S-M for the Frieberg Porcelain Co. and 
used for the prepn. of sagger mixt. The plant is divided into three units: (1) crushing 
and separating of grog, (2) grinding of clay, and (3) mixing. The clay is ground on a 
dry pan and automatically screened and carried by bucket elevator to storage bins. 
Grog passes through a roll crusher, elevator and revolving screen which deposits the 
mat. into 3 bins graded according to fineness. The storage bins discharge their contents 
through special measg. devices onto a conveyor which carries the mat. to a horizontal 
mixer where water is added and from there to a horizontal pugmill. F. A. W. 


The softening of raw materials used in the refractory industry at high temps. H. 
Hirscu. Kerm. Rund., 33, 279-84(1925).—The transverse resist. of refrac. clays to 
load at high temps. was studied. It was found that clays having a higher SiO, content 
than kaolinite and those having a lower content in certain cases are more resist. to load 
at high temps. than those clays having a ratio of SiO, and Al,O; equal to that of kaolinite. 
The presence of Fe and alkalis in the clays were found to greatly reduce their resist. 
to load at high temps. H. G. S. 

Resistance of refractory materials to temperature changes. W. SrecER. Stahl 
u. Eisen, 45, 249-59(1925); J. Soc. Chem. Ind., 44B, 284(1925).—Quenching expts. on 
bricks give the following relative values for sensibility to change of temp.; carborundum 
2, bauxite 13, zirconia 16, fire clay 3-30, chromite 42, silica 75, magnesite 100. The 
coeff. of expansion was measured in 4 temp. ranges 15-300°, 300-500°, 500-600°, 
600-750°. ‘The sensitivity of silica brick at low temp. is caused by the a-§ cristobalite 
transformation at 230°. If quartz is present, as in badly fired brick, the greatest expan- 
sion is in the third temp. range. Carborundum shows uniform expansion in all the 
temp. ranges. H. H. S. 

Graphite melting point. E. RiscuxevirscH. Z. Elektrochem., 31, 54-63(1925); 
J. Soc. Chem. Ind., 44B, 241(1925).—Carbon rods headed electrically in an atmosphere 
of argon melted at 3800° = 100° Abs. The arc temp. varied from 3450° Abs. at 0.005 
atm. to 4330° Abs. at 1.5 atm. H. H. S. 

Refractories for use in regenerators. Sruart M. Puevps. Fuels and Fur., 3, 
507-8(1925).—Report of invest. to det. effect of porosities on rate of ht. flow in clay re- 
frac. when used as checker work in regenerators, in addn. to data on other types. Con- 
clusion that most suitable clay refrac. for this purpose is a dense brick, especially if it is 
subjected to slagging action. R. D. L. 

The melting point and the vaporization of graphite. EuGcEN RISHKEviTscH. Z. 
Electrochem., 31, 54-62(1925); cf. C. A. 18, 3505.—A vapor-pressure curve for graphite 
between 3450° and 4330° Abs. has been added to previous work together with the heat 
of vaporization calcd. from the Clausius-Clapeyron equation (92 Cal./mole). This value 


is only approx. (C. A.) 


The melting and heat of vaporization of graphite. K.Fajans. Z. Elekirochem. 31, 
63-70(1925); cf. preceding abstr.—The presence of 0.1% impurities in graphite has 
such a slight effect on its m. p. that the m. p. phenomena observed by R. on graphite with 
0.1% ash content would also occur with pure graphite. Since at pressures above 
1 /; atm. the positive crater of the arc is covered with liquid C, temps. above that pressure 
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are b. p. of the liquid phase. Some of Lummer’s observations on the melting of C in 
the arc are satisfactorily interpreted in terms of R.’s observations. The arc method 
(detn. of the temp.—dependent only on pressure of the positive crater) is shown to be 
superior to the measurement of the velocity of vaporization of C threads. From 
the measurements of Kohn and Guckel (C. A., 18, 1421) on the heat of sublimation of 


C the heat of sublimation of diamond is 147 Cal. = 1 Cal. (C. A.) 
PATENTS 
Face-brick sanding machine. Ivan N. 
Dovenry. U. S. 1,535,402, April 28, 1925. App. 
of | ll 1 for sanding brick comprising a pad of fibrous mat. 
engaging the brick and a sand reservoir feeding sand 
Refractory-shape press and mold therefor. 


ASHLEY J. Gunicn. U.S. 1,535,410, April 28, 1925. 
A molding app. comprising a stationary receptacle for containing plastic mat. and having 
its opposite ends freely open, a swinging trimmer provided with an aperture there- 
through, said trimmer being adapted to be moved to a position 

whereby to form a closure plate for one end of the receptacle, ( = are 44 iL 

a removable mold adapted to be disposed in alignment with \A pe al } 
the receptacle and the aperture in the trimmer, a plunger for 
forcing mat. from the receptacle into the mold, and means \}- ANG He. 


for actuating the plunger. A mold for forming nozzles com- *. je 

prising a bottom plate, a top plate, and a hollow body —¥ > r—- ze 
including a plurality of pivotally connected sections, the ~ on ates 
upper surface of said bottom plate being provided with a depression for snugly receiv- 
ing the ends of the sections whereby to apni the body and hold the sections in 
abutting relation. 

Process for refining zirconium-containing ores and other products containing 
dioxide of zirconium. Orro Rurr. U. S. 1,535,687, April 28, 1925. The process of 
refining zirconium containing ores or products containing dioxide of zirconium, which 
comprises htg. the same with a haloid salt of zirconium or with mats. forming such haloid 
salt, at a temp. sufficient to vaporize the resultant haloid salts of the contaminating 
elements. 


Apparatus for and method of making vitreous silica. PHILip 
K. Devers. U. S. 1,536,821, May 5, 1925. The method of 
making vitreous silica which con- 
sists in fusing silica in an enclosed 
space while maintaining a vacuum 
in said space and thereupon com- 
pressing the fusion at a pressure 
high enough to substantially 
eliminate bubbles. 


Quartz working. B. 
MILLER. U.S. 1,537,036, May 5, 
1925. An app. for prepg. fused 
or vitreous silica comprising the 
combination of a refrac. container, one part of which 
has a greater diameter than the adjoining part and hav- 
ing a tapered throat connecting said parts, means for htg. 
said container, and means for evacuating the space 
within said container: The method of prepg. fused or en EAR A 
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vitreous silica which consists in htg. crystalline silica to a temp. of plasticity, subjecting 
said plastic silica to advancing constrictive press. to eliminate cavities in said silica, 
and causing said silica to congeal while substantially preserving the cross-section 
thereof. 


White Ware 


Fundamental factors in the use of pottery plaster. U.S. Gypsum Co. Ceram. 
Indus., 4 [3], 216-—22(1925).—This article is believed to be the first on this subject ever 
prepared and authorized by a manufacturer of pottery plaster in the U.S. It represents 
the result of 18 mos. of research work on the part of the U. S. Gypsum Co., including 
extensive field work ampng the potteries. The various sources of gypsum from which 
pottery plaster is made, are listed and its method of manuf. is described which involves a 
carefully controlled calcination process. A chart shows the effect of consistency on the 
wet and dry density, dry compressive strength and water absorption of the dried cast. 
For a consistency of 72 pts. of water per 100 lbs. of plaster, the wet density is 95.1 Ibs. 
per cu. ft.; the dry density is 63.7 lbs. per cu. ft.; the ultimate dry compressive strength 
is 1640 lbs. per sq. in.; and its water absorption is 36.2% of its dry wt., or 22.1 pts. of 
water absorbed per cu. ft. of mold. For a consistency of 90 pts. of water per 100 Ibs. of 
plaster the wet density is 90.6 lbs. per cu. ft.; the dry density is 55.2 Ibs. per cu. ft.; the dry 
compressive strength is 850 lbs. per sq. in.; and the water absorption is 47.3% of the dry 
wt., or 25.2 pts. of water absorbed per cu. ft. of mold. In several different potteries 
making the same kind of ware, a min. consistency of 59 pts. of water per 100 lbs. of 
plaster, giving a compressive strength of 2400 lbs. per sq. in., was found in one plant and 
a max. consistency of 93 pts. per 100 Ibs. plaster, having a compressive strength of only 
600 Ibs. per sq. in., was found in another. Those potteries using the denser mixes ob- 
tain nearly twice as much wear from their molds as those using thinner mixes. Molds 
should be made as dense as local conditions will permit. Another chart shows the 
effect of time of blending on the strength of the cast. The point of max. strength occurs 
just before the set commences. As soon as the set commences pinholes become very 
numerous due to entrapped air. The time of blend should not exceed 6 mins. and 4 
mins. is recommended so as to guard against pinholes. Temps. up to 145°F may be 
used in drying molds, providing great care is exercised to see that they are removed 
as soon as they are dry, because thereafter any temp. exceeding 120° F. will cause 
combined water to leave the molds, resulting in their being burned. A burned mold 
will crack on being put into use again. Molds are also liable to crack if they are exposed 
when warm, to cool draughts of air. If molds are not dried thoroughly between casts 
they are liable to become soft and weak and ‘“‘sweat-out.’’ When sodium silicate and 
sodium carbonate are used in the “‘slip’” the molds will effloresce. There is no certain 
way of preventing this as it is due to the formation of soluble sodium sulphate which is 
carried to the surface and deposited. Calcium carbonate and calcium silicate are also 
formed but are retained in the mold due to their insolubility. 2 ae 

PATENTS 

Process of casting pottery. ALFrrep E. Sracky, Jr. 
U.S. 1,536,358, May 5, 1925. The hereindescribed process of /4 
casting pottery which consists in using a fluid slip which is 
heated to a temp. higher than natural temps., and casting the 
heated slip into the desired shape. 


Equipment and Apparatus 
Crushing. J. FUENTES. Quimica e Ind., 2, 5-8(1925).— 
Describes various grinding and crushing machinery which 
is used in the chem. engineering indus. The illustrations 
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show both Amer. and European machinery and general comments upon application 
and service to which best adapted. S. S.C. 
An automatic and continuous recording balance (the Oden-Keen balance). He 
R. H. Coutts, E. M. Crowrner, B. A. KEEN AND S. OpEN. Sci. Absir., 28 [4], 25 
(1925); Roy. Soc. Proc., 106, 33-51(1924).—This is a development from the original “73 
recording balance devised in 1915 by S. Oden. In that the record was obtained by an 
automatic registration of the time of release of small steel spheres, discharged one by 
one into a pan of the balance each time the weight of the substance being experimented 
on had changed by an amount equal to the weight of a sphere (the smallest which can 
be used in practice being one of 0.0153 gm.). The app. described in the present paper 
is an improvement on the above, giving greater detail and accuracy. An electromag- 
netic control is used, and so a continuous record is substituted for the discontinuous one 
of the earlier apparatus, but it has been found an advantage to retain the ball-dropping 
device, the electromagnetic control simply supplying the continuous history of the 
changing weight between the release of each metal sphere. The alternative was electro- 
magnetic control over the whole range, the chart being split up (to secure sufficiently 
open scale) by some arrangement of counter (or “‘setting up’’) currents increased by an 
appropriate amount after each transit of the chart. But this demanded currents of 
considerable strength to balance a comparatively small increase in weight. The chosen 
method is one in which the ball-dropping can proceed up to the max. load the balance 
can carry. ‘The max. current is no greater than the equivalent of the weight of one 
sphere, and the sensitivity is approximately constant throughout the range for a given 
set of balls. It can also be varied as desired. The balance is a short beam Oertling 
analytical balance to carry 100 gm. The electromagnetic control is effected by a mag- 
net, suspended from one pan of the balance, dipping into a solenoid, the current through 
which is automatically adjusted so that the pull always balances the changing weight 
of the substance under observation. A continuous record of current strength thus gives 
a continuous record of the weight of the substance. Besides a complete discussion of the 
instrument, illustrations are given of applications to the study of sedimentation and 
flocculation of soil particles, and the evaporation of water from fibers. A. F. G. 
Glass filter apparatus. P.H.Prausnitz. J. Soc. Chem. Ind., 44, 402-3(1925).— 
Porous discs are made by grinding glass, sieving it to definite grades and fritting the 
glass powder in molds so that the edges of the particles stick firmly together, while the 
pores are left open. The filter discs are fused into dry parts of transparent glass just as 
if two tubes of glass were fused together The size of pores is of no consequence, but the 
glasses to be joined must have the same chem. compn. Apparatus made on this principle 
can be used for all sorts of lab. work, to replace GoocH or NEUBAUER crucibles, paper 
filters, or paper thimbles in extinction tubes. Mercury filters, air-filters, electro-chem. 
diaphragms, gas-washers, extractors of all kinds, and mercury safety-valves have been 


devised. The app. is made by Scuotr of Jena. a. Ss 
The development of the Hardinge mill. J. C. Farrant. Chem. Age (London), 
12, 300—1(1925). iC; 
PATENT 
Shoveling and loading machine. 


— May 5, 1925. A shovel 


ing and loading mach., comprising 
(Or the combination of a base, a shovel, 
means for thrusting said shovel 


forwardly and back, means includ- 
ing a cylindrical press. chamber, and a pivotally supported flat piston swinging in 
said press. chamber for raising and dumping said shovel. 


| 
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BOOKS 
Mechanical Mixing Machinery. L&oNnaRD CARPENTER. London: E. Benn, Ltd 
138 pp. 6s. Reviewed in Chemistry and Industry, 44, 233(1925). (C..43 


Agitating, Stirring and Kneading Machinery. H. Seymour. London: E. Benn, 
Ltd. 139 pp. 6s. Reviewed in Chemistry and Industry, 44, 261(1925). Ind. Eng 
Chem., 17, 544. fc: Aa 


Kilns, Furnaces, Fuels and Combustion 


The radiation and conduction of heat from a muffle kiln. ANoNn. Sprech., 58, 
260—1(1925).—The radiation and conduction of heat through a muffle was determined 
between 350-800°C. The heat condy. was obtained from the formula C = (T—t). 
The average value was found to be 2.34 & 10-4 g. cal. per sec. per cm.? The ob 
served heat of radiation corresponded very closely to that caled. from the STEFAN 
BLOTZMANN formula. At high temps., (above 500°C), it was found that the heat 
radiated from the muffle was so great compared with that conducted from the same that 


no great accuracy is necessary to determine heat condy. at high temps. H. G. S. 
The proper control of smoke in ring and zigzag kilns. J. Korrersa. Deut. Top. 
Ztg., 56, 282-4(1925). H.G.S 


Combustion devices for gaseous fuels—IV. W. Trinxs. Fuels and Fur., 3, 35 
(1925).—A continuation of a series of articles by the author. In this are described vari 
ous types of burners which work with complete mixing of gas and air before the mixture 
enters the fur. proper. 

Tunnel kilns in the refractories industry. Puim.ip Dresser. Fuels and Fur., 
3, 127-32(1925).—A description of the adaptability of the continuous car tunnel kiln 
to firing various shapes and sizes, with possible capacities. > ee: é.. 

Tunnel kilns for burning silica brick. PHititip DressLerR. Fuels and Fur., 3, 
243-7(1925).—Description of a new type of cross-fired regenerative kiln adapted to 
firing silica brick when space does not permit of such a kiln length as would otherwise 
be required or to firing common clay brick where large tonnages are required in one 
unit. 4. 

Advantages and disadvantages of the tunnel kiln. ANon. The Clay Worker, 83 
[5], 442-4(1925).—This is the first of a series of articles on this subject. In it are given 
the opinions of European engineers on the use of the tunnel kiln in the brick indus 
The tunnel kiln is not compared with periodic kilns, as periodic kilns are used but little 
in the firing of brick and tile in Europe, but instead it is compared with other forms of 
continuous kilns, the progressing fire or annular kiln and the modification known as the 
“zigzag”’ kiln. P. D. H. 

PATENTS 


Brickkiln. JoHNn F. SHERBAHN. 
U. S. 1,535,260, April 28, 1925. 


having a fire-box in its front wall 
in direct communication with the | 
interior of the kiln, a stack in spaced 
relation to the front wall of the kiln, 
a fire-box in said stack, and a return 


The combination of a brick kiln 


flue extending longitudinally under “3 
the floor of the kiln and establishing 
communication between the kiln and the base of the stack. 

Packing construction for stoker plungers. Ropert SanrorD U.S. 1,535, 
341, April 28, 1925. An automatic underfeed stoker having, in combination, a coal 
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hopper, a cylinder opening into the lower portion of said hopper 
and having an annular recess adjacent its inner end, a piston 
loosely slidable in said cylinder, mech. means to reciprocate 
said piston, and means to prevent the escape of coal past said 
piston, said means comprising a split metal ring positioned in 
said recess and yieldingly engaging said piston, said ring and 
recess having associated inclined walls coéperating to force 
said ring against said piston as the latter 
moves away from said hopper. 

Shoveling machine. I. 
Stace. U. S. 1,535,381, April 28, 1925. 
A shoveling and loading mach. compris- 
ing, in combination, a frame, a scoop, 
means for thrusting the scoop forward 
in a lineal, substantially horizontal 
direction, means for withdrawing the 
scoop in a swinging direction over and to the rear of the frame and means indepen- 
dently controllable for tilting the scoop before withdrawal. 

Electric resistor furnace. THomas A. REID. U. S. 
¢ Ea 1,535,547. April 28, 1925. An electric-resistance fur. comprising 
a plurality of refrac. walls enclosing a fur. chamber, a plurality 
amy ** of longitudinally spaced-apart sets of relatively narrow and 
= laterally spaced-apart refrac. supporting members supported by 
1 said refrac. walls and projecting into said chamber, relatively 
: thin and narrow resistor-supporting plates each having a plur- 


ality of laterally extending grooves in one face thereof, a rela- 
tively heavy unyielding preformed resistor member supported 
at spaced intervals by said grooved plates in coéperation with 
the refrac. walls, and means for maintaining said grooved 
Wee Ey resistor-supporting members in operative engagement with said 


po refrac. supporting members. 


6 
a 


é 


Drier or preheater. ELLSwoRTH P. OcpEN. U. S. 1,536,406, May 5, 1925. A 
drier or preheater of the tunnel type wherein the ware enters one end thereof and, after 


from the other end thereof, having . 
interior metal or other heat-conduct- 
ing walls and a chamber or space 


back of said walls, and means for delivering heated air to said space for the purpose of 
heating said walls. 
Geology 

Italian potash industry by utilization of volcanic rocks (leucite). C.Rosst. Afti 
Congr. Naz. Chim. Ind., 130-3(1924); J. Soc. Chem. Ind., 44B, 240-1(1925).—The 
magma of basalt, with which leucite occurs, is magnetic, and sepn. may be effected by 
the action of an electro-magnet on pieces crushed to 3-5 mm. thick. For each ton of 
leucite about 3 T. of basalt are obtained: this may be used for making mortar, artificial 
bricks, cement, paving, insulators, etc. The leucite, contg. 15-18% K,0O, is treated by 
MESSERCHMITT?’S process, which consists in heating under a pressure of 20 atm. with a 
soln. of NaNO;, the products being KNO; and the insol. sodium aluminum silicate 
“analcime.” Analcime may be utilized in various ways, either by treatment with 
H.SO, to form soda alum, or by heating with lime to form NaOH or sodium aluminate, 
or as a substitute for permutite for water-softening. H. H. S. 
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Geochemical distribution of the elements. V. M. Goipscumipr. Kristiania 
Vindensk.-Selsk. Skr., No. 3(1923); Nos. 4 and 5(1924); Science Progress, 19, 564(1925). 
—G. views the earth as a system in which there has been a sepn. of shells of diff. densi- 
ties. He divides the elements into 4 groups accordingly:: Siderophile (e. 2., Co, Pt) 
concd, in the Ni-Fe core; Chalcophile (e. g., Cu, Zn, Pb, Au) concd. in the sulphide- 
oxide zone; lithophile (e. g., Mg, Ca, Na, K) concd. in the silicate shell; and atmophile 
(e. g., N, Ar) in the vapor envelope. ‘The fate of the rarer elements depends on whether 
they can enter isomorphously into cryst. compds. of the common rock elements. Thus 
Ba, Sr, Rb, enter the feldspars, while elements which are only feebly isomorphous are 
concd. in residual liquids and gases and appear in pegmatites and ore deposits. The 
histories of V, Fe, Ni, Cu and Zr as sample elements, are sketched in regard to their 
phys.-chem. relations from the initial earth mixt. to their present distribution in the 
lithosphere. 

Bentonite. JEROME ALEXANDER. Ind. & Eng. Chem., 16 [11], 1140(1924)— 
A. describes occurrence and properties of this natural mat., found chiefly in Texas, 
Wyo. and Calif. and defined as “‘A group of clay-like materials characterized by an alka- 
line oxide and alkaline earth content of 5 to 10%, fine grain size, high adsorptive powers, 
and usually very strong colloidal properties.” Color varies from white to cream, grey, 
pink, brown, or even black, depending on nature of impurities present. Its color when 
fired is white, buff or brown. Softening point according to ScouRECHT and Dovupa is 
cone 1 to 30, % water of plasticity 22.07 to 114.61, % vol. by shrinkage (in terms of dry 
vol.) 24.21 to 195.81. They found that the addition of 32 parts of bentonite to 50 of 
flint and 50 of kaolin ran the mod. of rupture from 43.87 to 319.37 lbs. per sq. in. Other 
uses of interest to ceramists are said to be in frit for suspending enamels, Manson finding 
that the addn. of 1% instead of 2.5% of clay in grinding a frit for making a ground coat 
results in a much better suspended mixt. than had ever obtained before. Cox finds 
that bentonite added to some mineral mixts. will produce the exact plasticity found in 
clays liked by practical potters. N. Car. kaolin mixed with it can be made to have all 
the plasticity of a high grade ball clay. It is used as a good bonding mat. for electrical 
and chemical porcelain graphite crucibles, abrasive wheels, etc. R. D.. 

Bauxite in northeastern Mississippi. E. F. BurcHarp. U. S. Geol. Survey, 
Bull., 750G, 101-46(1925).—More than 100 analyses of bauxite and clays are recorded. 
Compared with the bauxites of Ga., Ala., Tenn. and Ark., the Miss. bauxites range from 
10 to 15% lower in Al,O;, much higher in Fe,O;, somewhat higher in SiO, practically 
the same in TiO, and lower in their H,O content. The deposits in 10 counties are 
described. The deposits in 4 of these counties are estd. to hold 1'/: million long tons, 
80% of which carries from 30 to 45% AlO;. Mining of these deposits will have to 
await the construction of motor truck roads, the depletion of other domestic bauxite 


fields and the development of large power plants on the nearby Tenn. river. (CA.) 


Bentonite. H. S. Spence. Can. Bur. Mines. Mines Branch, No. 626, 31 pp 
(1924).—The deposits of bentonite in Canada and in the U. S. are described. The 
mineral is a kind of clay 90% of which consists of SiO., AlO; and H,O in the propor- 
tions of about 61 to 18 to 10, resp.; the remaining 10% consists of oxides of Fe, Mg, Ca, 
Na, K, Ti and very small amts. of S, Pand C. Among the 24 uses of bentonite which 
are mentioned, its application in the paper, dye, fertilizer, ceramic and oil-refining 
industries is most promising. 

Clay and shale deposits of Ontario. J. Keeie. Can. Dept. Mines, Geol. Survey, 
Memoir, 142, 170 pp.(1924).—Chem. analyses were made of about 60 samples of the 
clays and the usual phys. tests were applied to det. the fitness of the clays for industrial 
purposes. The geographical distribution of the clays throughout the province is de 
scribed, also the methods of testing clays. (6... ai 
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BOOK 
The data of geochemistry. F.W.CLARKE. Washington: U.S. Geol. Surv. Buil., 
770. Pp. 841. Price $1.00. H. H. S. 


Chemistry and Physics 


Determining oil efficiencies in water gas manufacture. L. J. Wm.iEN. Gas Age- 
Rec., 55, 603-6(1925).—An attempt to solve the B. t. u. oil efficiency in water gas op- 
eration is described in quite some detail. W. attempts to express the efficiency of the 
gas oil in an accurate manner so that it will be applicable to any set. The discourse is 
entirely given over to calcn. and tabulation of results. The reasons for various calcn., 
and the source of derivation is given and soln. of theory carried out. S. S. C. 


Determination of FeO in rocks. L. LosANNA AND G. FERRERO. Giorn. Chim. 
Ind. ed A ppl., 7, 140—2(1925).—A sample of the pulverized rock is placed in a flask with 
5 gr. of anhydrous K,SO,. Steam is passed into the flask with a stream of CO, and 
H:SQ,. The system is kept closed and operated at temps. of 200-250°C and for 
various lengths of time depending upon the material being tested. A cut is given 
showing the setup and general details. Results of the method are compared to that of 
TREADWELL and a table shows the variations in the two methods. Where porphyrite, 
etc. were analyzed this method gave higher results but in the case of bauxite, and other 
argillaceous mats. it was much less. The analysis or rather the obtaining of the FeO 
in a solution form depends upon the keeping out of O, and then the analysis is carried 
on in the standard method. S. S. C. 

Standard density and volumetric tables. ANon. Sci. Abst., 28 [4], 257(1925); 
Bur. Stand., Circ., No. 19(1924).—This circular contains standard density tables and 
others of a similar nature most often required in physical and chemical laboratories. 
For example, the density of various percentages of ethyl alcohol at various temperatures; 
the density and pounds per gallon of milk and cream, and of American petroleum oils; 
temperature corrections to the indications of hydrometers in alcohol, sugar, petroleum 
oil and sulphuric acid solutions. Tables are also given showing the relation between 
degrees Baumé and specific gravity for both heavy and light liquids; the relation of 
degrees A.P.I. and specific gravity; the capacities of glass vessels from the weight of water 
contained or delivered; and master scales for the graduation of hydrometers (alcohol- 
meters). A. F. G. 

Heating and cooling of plates and walls. ANon. Fuels and Fur., 3, 381-4 
(1925).—A method of solving, graphically, the ht. flow through plates or walls of any 
mat. of any thickness, of constant or varying densities or several layers of mats. or 
varying densities and thicknesses. 

The Rhe as the absolute unit of fluidity. Eucene C. Bincuam. Ind. & Eng. 
Chem., 17 [1], 47(1925).—The abs. unit of fluidity has no name, the awkward term 
“reciprocal poises’”’ coming into use. In order to avoid this, author suggests the term 
“rhe” from the Gr. Rheo (flow), to be pronounced Ree. Need for a commission to be 
chosen to measure the viscosity of water as a calibration standard, at 20°C is pointed 
out, since at present the error is 0.3% on account of present literature not recognizing 
all the corrections which are now familiar. Bia Be 

Extraction of alumina from clay. H. SpEcKETER. Z. phys. Chem., 110, 514-20 
(1924); J. Soc. Chem. Ind., 44B, 97(1925).—In the alk. process clay is treated with lime 
at a high temp., and the calcium aluminate is decomposed. with alkali; the Al,O; yield 
being about 70%. In the acid process, the previously heated clay is treated with 
H.SO, or HCl, preferably the latter as being less costly to recover. The yield here is 
90%. H. H. S. 
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Titanium oxide preparation and refining. T. Matsupara. Osaka Ind. Lab., 
Bull., 4 (13), 1923; J. Soc. Chem. Ind., 44B, 97(1925).—Korean titanium ore has the 
compn.: TiO, 25.90, SiO. 4.58, FexOs 58.85, Al,O; 1.10, CaO 4.08, MgO 3.60% (=98.11). 
The ore, ground as finely as possible, is decomposed with conc. H:SO,, avoiding excess 
of acid. If refined titanic acid be dehydrated at temps. above 400°C, undesirable yellow. 
tints are formed. H. H. S. 

The third National Colloid Symposiums. Science, 61, 463-4(1925).—This is to be 
held at the Univ. of Minnesota on June 17, 18 and 19 and carries papers, among others, 
on adsorption, colloid chemistry of soils, colloids in geol., the centrifugal method for detn. 
of the distribution of size of particles in colloidal solns. and the motion picture as an aid 
to colloid research. H. H. S. 

Sodium silicate solutions. Relation between composition and boiling point. J. 
Y. CANN AND D. L. Cues. Ind. Eng. Chem., 17, 512—4(1925).—Boiling pt. is elevated 
according to % Na,O, although differently with diff. brands. “BW” is Na,O 1.68 
SiO.; “Star” is 2.55 SiO,.. The ““BW’’curve is more abnormal than the ‘‘Star’’ 
at low concns. H. H. S. 

Suspensions and their relation to colloidal stability. W. T. H. Wi_.iamson. 
J. Soc. Chem. Ind., 44, 402(1925).—Suspensions resemble colloidal solns. in that the 
particles carry an electric charge and are pptd. by ions of opposite sign. A kaolin 
suspension, from which particles below 0.002 mm. diam. had been removed, was nega- 
tively charged, and the particles were pptd. more rapidly in acid soln. than in alkaline 
when no salt was present. Normally, increased salt concn. increases rate of sedimen- 
tation, but there are exceptions, notably monocalcium phosphate and the chlorides of 
Na, Al, Fe and La. In alk. soln. NaCl behaves normally; in acid soln. it decreases 
sedimentation. Monocalcium phosphate causes quicker sedimentation in alk. soln. 
than with the same concn. in acid soln. Salts contg. tervalent cations at certain 
concns. brought about a much greater sedimentation at pH 7 to 8 than at any other re- 
action, while beyond these conens. the charge was reversed in sign. Comber’s work 
on the difference between silt and clay is described. Silt is more rapidly pptd. by a 
neutral Ca salt than by Ca(OH)s, whereas with clay the opposite occurs. This is ex 
plained by assuming that clay is protected with colloidal silicic acid. ARRHENIUS sug- 
gests that clays are ampholytes; the curve, rate of settling: pH, is similar for clay and 
for gelatin; therefore clays should have an isoelec. pt., but DAyHurr and HOAGLAND 


say that clay has no iso-electric pt. in the sense that a protein has. H. H. S$. 
Practical results of the theoretical development of chemistry. F. Haper. J. 
Franklin Inst., 199, 437—56(1925). H. H. S. 


Standard density and volumetric tables. ANon. Bur. of Standards, Circ., No. 19, 
72 pp.(1924).—Tables show: d. of mixts. of EtOH and water; d. of mixts. of MeOH and 
water; % by vol. corresponding to various % by wt. for EtOH-H:O and for MeOH-H,O 
mixts., and % by wt. corresponding to various “% by vol. of mixts. of H,O with EtOH; 
temp. corrections for readings of alcoholometers, of saccharometers, and of hydrometers 
in H2SO, and in petroleum oils; d. of sucrose solns.; d. of H.SO,; relations among degrees 
Bé., degrees A. P. I., lb. per gal., gal. per Ib. and sp. gr.; sp. gr. and wt. per gal. of milk 
and cream; vol. of milk and cream at various temps. occupied by unit vol. at 20°; 
conversion of d. basis; d. of air; diff. between mass and apparent wt. of water weighed in 
air; d. of water; temp. corrections for glass volumetric app. and for volumetric solns.; 
reduction of weighings to vacuum; calcn. of capacity of glass vessels; master scales for 
graduation of hydrometers to indicate “) EtOH. (C. A.) 

Method of determining melting points. ANpr& Dusosc. Rev. prod. chim., 28, 
115(1925).—Two small Pt spheres at the end of Pt wires are coated by dipping in the 
melted substance to be examd. and allowing to cool. They are inserted in an elec. 
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circuit contg. a bell and are immersed in a cold Hg bath contg. a thermometer placed 
between the spheres. The bath is slowly heated, and as soon as the substance melts 
the circuit is closed and rings the bell. (C. A.) 
Calorific values, and heats of combustion. C. pg LA CONDAMINE. Chaleur 
& Ind., 4, 634(1923); J. Soc. Glass Tech., 8, 202.—A discussion of the data involving the 
heats of combustion of C, CO, H, the reactions of water vapor and C, and C and CO. 
The electrical charge on a clay colloid as influenced by hydrogen-ion concentration 
and by different salts. W. C. Dayuurr anp D. R. HoaGianp. Soil Science, 18, 
401-8(1924).—The relative cataphoretic velocities of a colloidal clay measured by a 
modified U-tube method were approx. const. between pH 5 and 10 and decreased with 
further increases in either acidity or alky. In all cases the clay had a negative charge. 
Neutral salts had a depressing effect on the charge which was more marked with the 
multivalent cations. It is suggested that the deflocculating influence of an alk. reaction 
may be due to the indirect effect upon the soly. of the multivalent cations instead of the 
direct effect of the OH ion. (C. A.) 
The complete utilization of leucite as a source of alumina, potash and silica. G. A. 
BLaNc. Alti congresso naz. chim. ind., 1924, 119-30.—A review and discussion of re- 
searches by B. which have led to the isolation of Al, K and Si compds. in an economically 
valuable form from leucite, some of which work has appeared in patents (C. A., 16, 
2202, 3176, 3736; 17, 1309). Though ordinary electromagnetic methods are inefficient 
for concg. leucite, advantage was taken of the discovery that basaltic lava acquired a 
magnetism induced by the magnetic field of the earth and in the same direction, which on 
solidification became permanent. By crushing the leucite roek fine enough, a mixt. of 
non-magnetic leucite and particles of permanently magnetic gang was obtained. Sepn. 
could not be made by ordinary methods because in such magnetic fields no movement 
other than rotation occurs. But by utilizing the magnetic movement of the particles 
themselves and allowing them to orient along the lines of force of an external field, they 
could then be transported through the field by ordinary methods. In this way leucite 
can be concd. on a large scale to 95%, cheaply and with small power. The liberation 
and sepn. of AICl;, KCl and SiO, are described in the patents (Joc. cit.). AICI; is then 
transformed to Al(OH); with recovery of HCl by a cyclic process based on the decompn. 
of crystd. Al,Cle.12H2O to Al,O3.3H2O and HCl, the operation being best carried out in 
Al app. and the HCI being used for dissolving more leucite. By treating the KCl with 
H2SO,, all HCl can be recovered and utilized continuously in the closed cyclic process. 
By this process 1 ton of leucite (18% K2O) requires 187.4 kg. of H»SO,, yielding 332.9 
kg. of K2SO,. Data on the HO used in this cyclic process and on the thermal economy 
of the latter are also included. After its initial crystn. the KCl is 99% pure and is suit- 
able for all common purposes such as electrolysis, production of K,.SO,, KCIO;, KMn0O,, 
etc. The Al,O;.3H,O contains less than 0.001% Fe with SiO, absent and is easily sol. 
in H,SO, and therefore suitable for prepg. Ale(SO,);. Calcination yields Al,O; of high 
purity for the manuf. of Al. The SiO, residue is amorphous with traces of gang, augite, 
etc. When dried and ground, the impurities are coarser and a SiO. powder of great 
whiteness, fineness and purity is obtained. It has a remarkable power of absorbing 
gases, decolorizing solns., etc. It is also completely sol. in aq. NaOH and KOH so 
that solns. of pure Na and K silicate of any concn. can be obtained without the usual 
autoclave method. If HCl is replaced by HNO; similar results are obtained except 
for the sepn. of KNO; from Al(NO3)3. On cooling the soln. after attack of the leucite, 
almost pure K NO; first seps. when the temp. and acidity are suitable, followed by a 
mixt. composed largely of Al(NO;);. This mixt. by subsequent treatment is split into 
Al(OH); and KNO; which are then sepd. by lixiviation. Traces of Fe are easily elimi- 
nated and HNO; is recovered from the Al(NOs3)3. (C. A.) 
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BOOK 
Gmelin’s Handbuch der anorganischen Chemie: System No. 32, Zink. R. J. 
MEYER. German Chemical Society, 8th ed., 1924. 
PATENTS 


Method of making magnesium chloride. Ricnwarp C. Lorp. U. S. 1,537,479, 
May 12, 1925. A process of making magnesium chloride which consists in treating the 
ammonium chloride mother-liquor of the ammonia-soda process with dolomitic lime 
so that the calcium oxid (or hyroxid) added will be sufficient to react quantitatively 
with the ammonium chloride in the liquor; expelling the liberated ammonia; treating 
the slurry so formed with gas containing carbon dioxide, until the magnesium oxid (or 
hydroxid) is converted into magnesium chloride, filtering off the pptd. calcium carbonate 
and evaporating the liquor with removal of the salt (NaCl) to a solid magnesium chloride. 

Manufacture of aluminum sulphate. ArtHurR J. Moxnam. U. §S. 1,538,837, 
May 19, 1925. The process of treating potash-alum which consists in first driving off 
the water and then separating the sulphates by dissolving the potassium sulphate in 
strong sulphuric acid and then separating the aluminum sulphate residue from the soln. 

Chemically-prepared iron-bearing material. ArTHUR J. Moxuam. U. S. 1,538,- 
838, May 19, 1925. <A mat. suitable for the manuf. of iron and steel which is substan- 
tially free of silica and water and contains oxides of iron and other metals resulting from 
the decompn. by heat of mixed sulphates chemically prepd. from an iron ore. 

Method for the production of aluminum hydroxide. Arrnur J. Moxnam. U. S. 
1,538,839, May 19, 1925. The process of extracting alumina from minerals containing 
it, which involves first treating the mineral to obtain a solution of aluminum sulphate 
and then adding metallic iron to the solution to decompose the sulphate and precipitate 
aluminum hydroxide. 

Chemically-prepared iron-bearing material. ARTHUR J. Moxuam. U. S. 1,538,- 
840, May 19, 1925. A mat.suitable for the manuf. of iron and steel which is substantially 
free of silica and water and contains ferric oxide and oxides of manganese, resulting 
from the decomposition by heat of mixed sulphates chemically prepd. from an iron ore. 

Aluminium hydroxide. G. Mutu. U.S. 1,527,903, Feb. 24,1925. Natural Al sili- 
cates such as china clay are heated with NaOH in the presence of H,O to the b. p. under 
ordinary atm. pressure to form an easily decomposable double silicate and this is then 
heated with additional alkali at a temp. of about 140° to produce Na silicate and Al- 
(OH)s. 

Alkali chromates. Nationa ELectroiytic Co. Brit. 226,066, Feb. 15, 1924. 
In producing chromates by roasting a mixt. of Cr ore, alkali carbonate and lime or 
other absorbent at a temp. above the m. p. of the carbonate, the mixt. is agitated during 
its passage through a furnace until it is cooled below the m. p. of the chromate produced, 
so that a granular product is obtained. A special furnace is described. ae ® 


General 


Combustion devices for solid fuels. W.Trinxs. Fuels and Fur., 3, 233-9(1925). 


—A comprehensive treatise on burning bituminous coals on various types of grates, 
with theory of combustion, differences in requirements of different kinds of furs. and 
effect of coal sizes, coking qualities and conductivity of fuel bed on detn. of relation of 
draft to rate of combustion. zn. Dit. 
Utilizing gas supplied at low pressures. M.H. Mawninney. Fuels and Fur., 
3, 339-43(1925).—The design of pipe lines and burners for industrial furs. where both 
gas and air are supplied at low press. with soln. of a typical problem. R. D.L 
Silicosis. ANon. J. Soc. Chem. Ind., 44,428(1925). Silicosis, or potter’s asthma, 
is the subject of an inquiry at the present time by medical officers of the English 
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Govt. in N. Staffordshire. Many operatives are undergoing medical examn., and the 
investigators are receiving coéperation from both employers’ and workpeoples’ organi- 
zations. Practical expts. with various types of vacuum cleaners are being carried out 


with the object of removing dust before it can rise. H. H. S. 
The influence of J. Willard Gibbs on the science of physical chemistry. F. G. 
Donnan. J. Franklin Inst., 199, 457-83(1925). H. H. S. 
BOOK 


Preparation of Scientific and Technical Papers. Sam F. TRELEASE AND Emma S. 
Yute. Baltimore: Williams & Wilkins Co. 113 pp. $1.50. Reviewed in Jnd. Eng. 
Chem., 17, 435(1925). (C. A.) 


BOOK REVIEW 


Dictionary of Tariff Information. U. S. Tariff Commission, Washington, D. C. 
1924. 1036 pp. 19.5 X 26cm. $2.25. 

The introduction concisely states the general contents of the dictionary as informa- 
tion of three types (1) technical and statistical data relative to commodities mentioned 
in the tariff act of 1922 (2) description of tariff systems, methods, practices and history 
(3) a table with index comparing the tariff rates of the tariff acts of 1909, 1913 and 1922. 
The articles under classes (1) and (2) are grouped together in one alphabetical series 
to form the dictionary proper, class (1) covering some 450 pages and class (2) 400 pages. 
Class (3) occupies 171 pages. 

On page 725 the dictionary carries the following statement of the functions of the 
U.S. Tariff Commission. ‘The regular work of the Tariff Commission previous to 1923 
may be divided into three general categories having to do with (1) specific commodities, 

2) methods of customs administration, and (3) customs policies and international com- 
mercial relations.’’ With reference to the work on commodities the dictionary note 
is of importance. 

1. Commodities. Tariff information surveys. ‘In contemplation of a future 
revision of the tariff act, the Tariff Commission soon after its organization outlined a 
plan for a standard form of pamphlet which was to be prepared for every commodity 
mentioned in the tariff act. These pamphlets, known as Tariff Information Surveys, 
were designed to bring together all available information which it was thought would 
be of service to Congress in connection with a revision of the tariff. 

Each survey gives a description of the article under discussion; its various grades 
and uses; the domestic production of the article, with special reference to the raw mate- 
rials required for manufacture; and data as to the relation of domestic production to 
consumption, the volume of imports, and the countries from which these imports come. 
If a commodity is one in which the United States production exceeds the consumption 
and an exportable surplus exists, the export trade is discussed and the principal coun- 
tries of destination are shown. The survey also shows the amount, the nature, and the 
causes of foreign competition in the American market; the rate of duty on any given 
article under the various tariff acts since 1883, and decisions by the Treasury Depart- 
ment and the courts regarding classification of commodities under these laws.” 

The last revised edition of the surveys of interest to the ceramic industry was printed 
in 1921 and was based on the Tariff Act of 1913, as were all the surveys covering the 
numerous commodities. The statistics contained data up to and inclusive of the year 
1919. The B series pertains to ceramics in general containing the pamphlet B-1 on 
brick and tile, B-2 lime, gypsum and cements, B-3 abrasive materials, B-4 clays and 
earths, B-5 mica, B-6 the pottery industry, B-7 manufactured earthy and mineral sub- 
stances, B-8 carbon products, B-9 glass and glassware, B-10 scientific instruments and 


BOOK REVIEW 207 


apparatus, B-11 stone and manufactures of. Since these surveys were written the Tariff 
Act of 1922 was passed with its numerous changes in classification and rates of duties, 
with the subdivision of commodities into classes and arranged in schedules as schedule (1) 
chemical, oils and paints, (2) earths, earthenware and glassware, (3) metals and manufac- 
tures of, (4) wood and manufactures of, (5) sugar, molasses and manufactures of, (6) 
tobacco and manufactures of, (7) agricultural products and provisions, (8) spirits, wines 
and other beverages, (9) cotton manufactures, (10) flax, hemp, and jute and manufac- 
tures of, (11) wool and manufactures of, (12) silk and silk goods, (13) papers and books, 
(14) sundries, and (15) free list. Hence the surveys of tariff information series B 
properly belong to schedule 2. Each of the other schedules has its corresponding quota 
of surveys covering the respective commodities. Schedules 1 to 14 inclusive contain 
all products which are subject to duty, while schedule 15 contains an alphabetical list 
of commodities that are exempt from duty. Schedule 14 contains a varied assortment 
of products, those of ceramic interest being manufactured of asbestos, corundum, 
emery, abrasives, thermostatic bottles, etc. Among the items on the free list 
(schedule 15) are cements as Portland and other hydraulic, chalk, cryolite, flint stones, 
crude minerals, gypsum, salt cake, stone and sand. 

In preparation for the Dictionary these surveys were employed as a basis for the 
technical data and statistics on the commodities. The general information was critically 
modified and abridged to suit the purpose of a dictionary. The statistics were checked 
and brought up to date and made practically complete through the year 1922, and where 
possible for the year 1923. This gives an opportunity to note the initial effect of the 
changes from the Tariff Act of 1913 to that of 1922. Although the rate of duty on china 
and porcelain was increased from 55% to 70% the importations for 1923 were higher 
than for previous years. The demand for plate glass in its various forms was acute 
enough to cause a greater importation for 1923 at the new higher rates than for former 
years, the importation of cast polished plate glass for 1923 having a value of 16 million 
dollars as against the next highest figure of 5 million for 1922. Glazed and decorated 
tile also show a iarge increase in importation for 1923 although the rate of duty is higher. 

In the sections devoted to tariff systems, methods, practices and history the reader 
will find a great variety of subjects, as the balance of trade, colonial tariff policies, cur- 
rents of world commerce, customs laws, dumping, dutiable value, tariff histories, tariff 
rates, wages and the protective tariff, only to mention some of the longer articles. 
The articles are replete with references to the literature. The dictionary also contains 
biographical sketches on noted economists and on men who have influenced the tariff 
legislation. Adam Smith is given his due, and we are reminded that John L. Hayes was 
instrumental in securing the passage of the wool bill of 1867. 

In the section on the comparison of Tariff Acts of 1909, 1913 and 1922, the index 
contains the commodities arranged alphabetically giving the page in the text and the 
paragraph or section in the act of 1922. A glance at the paragraph shows the changes in 
rate for the three acts mentioned. China clay now has a rate of $2.50 per ton similar to 
the act of 1909, whereas the rate was but $1.25 in the act of 1913. The new act imposes 
a duty of 40% on philosophical, scientific and laboratory instruments, apparatus, 
utensils, etc. (paragraph 360) for all importers, whereas previous acts allowed such com- 
modities to be imported free of duty by religious, educational and scientific institutions. 

The dictionary can be recommended as an excellent addition to the library, and 
should prove of special value to manufacturers and importers, as well as to students of 
the tariff question. Louis NAVIAS 
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EDITORIALS 


ARE YOU A MORON? 

It is not possible to develop vision and productive thought habits in 
morons. Morons are incapable because of mental laziness and want of 
judgment. Morons are not idiots; they simply lack the capacity to think 
beyond the thing immediately in hand. They often have excellent mem- 
ories and can creditably do routine things. If perchance a moron has met 
all the technical requirements for admission into an advanced school and 
met the technical requirements for a collegiate degree he will still be a 
moron incapable of origination and be wholly without vision of the possible 
use of the information he has. His only thought habits are those of regis- 
tration without power of assimilation and constructive origination. He is 
without capacity to make application. He is too lazy mentally to analyze, 
formulate and to conceive. He might trace very creditably but never 
would he be a designer. He could not vision the working relations and 
assemblage of parts. 

Altogether too many morons and near morons get through college and 
too many, through lack of interest or because of being misfits in their 
chosen vocation, slip into moron thought habits. It is a struggle not to 


degenerate into a moron. 
It is only by continued practice that any of us obtain and hold ability 
to think constructively along a particular line. There is a ‘‘loss of hold,”’ 
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cunningness and inspiration if for very long one discontinues constructive 
thinking. An expert is one who is actively and all the while studying and 
conceiving on a single task, and the fellow is a rare genius who can produce 
to his possible maximum on several tasks requiring distinctly different 
character of basic facts, thought procedures and objectives. Specializa- 
tion is necessary to obtain maximum productiveness. The further scat- 
tered and the less definite in thought, the nearer like a moron one will grow 


to be. 


THE STUDENT IN “SCHOOL OF HARD KNOCKS” 


One is always impressed with the amount of accurate technical informa- 
tion and ability of those who have worked their way into foremen and 
managerial positions with no educational training other than that ob- 
tained in grammar school supplemented by personal effort and by exchange 
with their fellows. Many there are from the “school of hard knocks” 
whose judgment and ability to accomplish gives them a ranking in tech- 
nical and scientific societies along with those who have had collegiate 
training. 

Josiah Wedgwood was taken from school when only nine years of age 
and apprenticed to his brother. He was a thrower of unusual skill at 
eleven years of age. Although made a cripple at eleven by smallpox that 
left an affected knee, he continued his shop apprenticeship until he was of 
age. He was the inventor of Queens ware, the Jasper ware, and of a white 
semi-porcelain. He was the first to operate the potter’s wheel by power. 
He invented a shrinkage gage to measure heat treatment. His inventions 
were to a great extent a gift to the art. He took out but one patent, and 
that of an unimportant nature. Josiah Wedgwood died at the age of 65, 
wealthy, honored, a member of several learned societies. 

Biographies of men successful industrially are replete with romantic 
stories of the rise from the lowliest to the most influential positions. All 
of them won their way by developing their intellects, by mastering the 
technique of their jobs. Most of the ceramic shops are today managed by 
men whose training was in the school of hard knocks, not because college 
trained men are not capable, but because those who have come up through 
the shop are also capable and greatly outnumber the college men. 

Those who rise through the school of hard knocks are handicapped by 
lack of knowledge of and facility in use of science facts. Their knowledge 
is limited to things with which they are engaged. They do not have 
breadth of science vision and are not posted on informational resources. 
It is only the more persistent and resourceful of the hard knock school 


fellows who overcome these handicaps. 
It is the business of a national organization such as the AMERICAN CERAMIC 
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SocIETY to find ways of helping the ceramists in the school of hard knocks, 
the men in the shops. The need for college trained men is on the increase 
and will continue, but educational advantages must be given to the fellows 
in the shop if our ceramic industries are to meet the ever-increasing compe- 
tition from substitute products. The fellows in the shop have proven 
their capacity to learn and to accomplish in spite of discouraging handicaps. 
They could accomplish greater things with better facilities and fewer 
handicaps. It will pay the employer to provide educational facilities for 
his men and it will pay the employed to seek every opportunity to learn 
what he can of the fundamental sciences and their application to the 
production of ceramic ware. 

Dean Everett W. Lord of Boston University, College of Business Ad- 
ministration, has compiled data on the actual money value of higher edu- 
cation. In a lifetime of sixty years Dean Everett’s figures show that the 
average high school graduate will earn $33,000 more than the average 
untrained man, and that the average college graduate will earn $72,000 
more than the average high school graduate. This gives a line on the 
cash value of education. 

Statistics of Ohio show that 90 per cent of the young people go to 
work rather than to high school and that 85 per cent enter employment 
directly from the high schools. The state and city are willing to give these 
young folks an education but home necessities prevent. The federal and 
most of the state governments have made financial provision for educational 
facilities for the employed and in many states they have vocational 
schools. ‘The Committee on Education of this Society is working out sug- 
gestive plans whereby those who have the grit and ability to make headway 
in the school of hard knocks may do so with fewer handicaps. ‘The 
ceramic industries will be greatly benefited when ceramic educational 


facilities are thus made more general. 
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PAPERS AND DISCUSSIONS 


THE EARLY STAGES OF THE SCIENCE OF CERAMICS 
IN AMERICA! 


By Kar. LANGENBECK 


ABSTRACT 

Metallurgical operations and growth of white pottery and tile manufacture stim- 
ulated search and analyses of desired clays, by state and national departments, after 
the Civil War. A chemical relation between composition of pottery bodies and glazes 
was not surmised in English-speaking countries, until projected by the writer. Finding 
the idea in operation in current work of Seger, his methods of investigation were applied 
to American raw materials and ceramic processes during ten years, without followers in 
any other country but Germany. Native clay resources, white vitreous ware, stand- 
ardization of production and control were developed independently, and introduced 


commercially. 
Growth of the large body of ceramic engineers, obligated by immediate demands 


for technical results, has prevented true scientifie study, of common ceramic phenomena, 
under known laws of modern physical chemistry. Research is entirely empirical, and 
hand-books of constants, available to engineers in other fields, are still impossible. To 
this need of the profession all should now make systematic contribution. 


The geological survey of New Jersey for 1874 records that within ten 
years twelve potteries had been established in-Trenton employing 1000 
men and 1000 women and boys, turning out $1,500,000 worth of product, 
in common white earthenware and ironstone china. 

This economic interest led geologists in different states to investigate 
promising clay deposits chemically. Dr. Cooke’s “Report on Clays,” 
published in 1878, was followed elsewhere. 

Julius Koch, in 1856, believed he had found 1.4% zirconia in New Jersey 
clay. Dr. Cooke’s chemist, Bogardus, now found it to be titanium oxide. 

Fire tests of refractory clays were begun by exposing tetrahedra ‘/s 
inch on the edges, in crucible-steel pots, for one heat of four hours, finding 
that ‘‘some clays were partially fused, others sharp and true, as at the out- 


set. 

The refining of white firing New Jersey clay was begun by George 
Such, at South Amboy. 

Interest in refractory clays seems to have started some correspondence 
with Dr. Bischof in Wiesbaden. Analyses of foreign clays were collected 
and reported. But when I began work in 1884, neither official chemists 
nor commercial analysts seemed to have thought of any chemical connec- 
tion between glazes and the clays upon which they were used. 

This connection seemed to me fundamental, but it was not mooted in 
any publication that I could get in French or English. I found the idea 


1 Presented at the Annual Meeting, AMERICAN CERAMIC SocrEtTy, Columbus, 
Ohio, Feb., 1925. (General Session.) 


| 
— 


LANGENBECK 307 


already conceived and applied by Hermann A. Seger in his periodical, 
Tonindustrie Zeitung. 1 saw at once that application of the scientific 
method to the “‘black art’”’ of pottery was no longer a chimera. 

The problems that confronted me were: (1) To make myself a practical 
potter, learn the craftsman’s terms for observed phenomena and cor- 
relate the conditions of their occurrence. 

(2) Figure the chemical formulas of the glazes used and others recom- 
mended. 

(3) Analyze the commercial raw materials for impurities, deviat on 
from type, etc. 

(4) Ultimate and approximate analyses of commercial clays and com- 
parative trials of the same with synthetic reconstructions, in their rela- 
tion to bearing the same glaze. 

(5) The function of alumina in pottery glazes and its limitations. 

(6) Kiln pyrometry. 

Coincident with these, and generally taking precedence, were the in- 
numerable immediate plant problems, which take up the time of most of 
you and had to be more or less satisfactorily solved without guidance. 

Some technical results were achieved, which are of general interest 
because they led to the development of ‘natural resources, improved 
general manufacture, by showing what could be done and stimulated later 
research. Among these were: 

(a) Discovery and commercial introduction of quaternary ball clay 
in western Kentucky, of the English type. 

(b) Introduction of residual kaolin from North Carolina, as a corrective 
of warpage and dunting. 

(c) Introduction and manufacture of Seger cones from domestic material. 

(d) Introduction of vitreous floor tile, fired at the same temperature 
as the glaze flashed or ‘‘smeared’’ English and American tile, solely used 
at the time. This application of course made vitreous electrical porcelain 
and hotel china easy, practical achievements. 

(e) Started the ‘‘milled molding-sand”’ industry. 

(f) Made the first glazes with crystalline separations. 

Ten years, with compulsory interruptions in pharmacy and other 
branches of technical chemistry, were spent in ceramic work, before I felt 
satisfied that publication of the information gathered was worth while. 
In 1894, I published two articles on the domestic pottery industry in the 
Journal of the American Chemical Society, and ‘“The Chemistry of Pottery”’ 
a year later. 

This reticence was not due to any spirit of professional obscurantism, as 
many experienced who saw me personally and whom I told and showed 
freely all they were interested in, without violating professional duty to my 
employers. I found such communication intelligent self-interest, because it 
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constantly brought me new viewpoints. This is now, of course, a common- 
place and the very raison d'etre of our AMERICAN CERAMIC SOCIETY. 
But, then, my interlocutors found it unusual. 

However, publication did not seem to me really fruitful, until one’s own 
experience was sufficiently rounded out, with example and precept to 
enable others to set to work with something concrete to be done. 

Faith in biding my time was of course more than justified, by its falling 
apt with a need in the University’s ceramic school. 

There were several very pressing reasons, both personal and professional, 
which kept me aloof for years from the new movement in ceramic endeavor, 
which would justify a presumption of lack of liberality and interest on my 
part. This was not the case. I have been in hearty sympathy with 
what you have done and my studies, during the interval, were directed 
not only to following and applying the observations recorded in the Trans- 
actions and Journal, but seeking to clarify them, by new angles from work 
in other fields. 

My interest is scientific rather than technical. I have felt the need of 
arriving at clarity, above all things, in a concept of our fundamental prob- 
lem, the behavior and reactions of the clay-water-electrolyte systems. 
During the past year, I arranged with the Bureau of Standards to put to 
experimental proof the view-points I have developed. 

This brings me to the third point of Dean Hitchcock’s invitation, to 
give some “‘inspiration to build greater for the future.”’ 

What has been accomplished in these thirty years? 

(1) Great progress in mechanical engineering, factory-planning, rational 
economic drying and firing. 

(2) Scientific advance in the knowledge of heat reactions. 

(3) An adequate technique of empirical experiment, which enabled the 
ceramic engineer to devise and further pressing demands for enamels, 
glass, glazes, pottery bodies, cements and corrective agencies. He has 
so far justified the demands of industry, that our training schools can 
scarcely meet the growing need for his services. 

What does the ceramic engineer lack that every engineer in other lines 
is equipped with? A pocket-book of data and tables, from which he can 
calculate the probabilities of the work before him 

From the point of view of chemical engineering, the ceramist lacks the 
fundamental constants, which in other fields are justifying the purpose of the 
scientific method, namely, forecasting the future under different conditions. 

As a cheimist he has not gotten beyond stoichiometry. Intelligent co- 
ordination of innumerable observations, recorded in the ceramic journals 
under the laws discovered by Berthollet, Clausius, Willard Gibbs, Pfeffer, 
van’t Hoff, Arrhenius, Ostwald, etc., have not been made. ‘This is because 
of the justifiable reason that the engineer and also the hard-pressed 


LANGENBECK 309 


teacher are seldom able to work at unraveling their interlocking details, in 
a way to which a Faraday, Gay-Lussac or Regnault gave of his time. 

But this will have to be done, for the chemistry of clays is not the 
chemistry of constant proportions. This is only a correlative. ‘The proof 
of this is the definite rejection of Seger’s proximate analysis of: clay. 
Yet a proximate analysis of clay that is not chimerical is absolutely needed. 

We have practically dropped clay analysis, because the time-consuming 
ultimate analysis tells us less than a simple firing test, just as the ultimate 
analysis of drugs and foodstuffs is valueless. But their division into sugar, 
starch, alkaloids, fixed and essential oil, resin, extractive matter, fiber 
and ash is practiced daily, for it is indispensable. 

I have reason for assurance that a proximate analysis of clays and other 
minerals based on modern physical chemistry is practicable and that its 
technique will prove to be the basis of much more fruitful methods of 
direct practical trials. 

What is clay, for our purposes? 

Primarily it is a mixture of microscopic granules, crudely comparable to 
a concrete aggregate of boulders, pebbles, sand and cement, subject to the 
laws of piling and flow under pressure, depending upon relative proportions. 

These conditions are modified by surface lubrication. The lubricants, 
or colloid, vary from degrees of adhesiveness toward degrees of resilience, 
that is, clays shade from stickiness through plasticity to being “‘punky.”’ 

Suspended in water, the fall of the particles is subject to an essential 
modification of Stokes’ law, namely, through the viscosity of the colloid- 
water system and the surface attraction of the granules for the colloid. 

Electrolytes in the system, whether native to the clay, introduced with 
the natural water or added for manufacturing purposes, act as suspensoids 
or precipitants by their degree of ionization. 

The hydrogen-ion coefficient is a tool for determining the mass action of 
the weak clay acids, in disrupting the chemical bonds of salts. 

In short, the vital chemistry of clays and the minerals used with them, 
is that which impressed Berthollet in the formation of soda from salt, 
when on Napoleon’s expedition to Egypt, 125 years ago. It is the prin- 
ciple of mass action, which in other relations Solvay applied in his ammonia- 
soda process and van’t Hoff in the separation of the Stassfurt potash salts. 

Interacting with this is the Phase Rule of Gibbs, the kinetic theory of 
Clausius and Maxwell and the mechanisms of flow and fall. 

If there is vital truth in this viewpoint, the extensive accurate investiga- 
tions which it involves are either a discouragement or an inspiration. If 
it is an inspiration to us, as technical men, the immediate problem is, 
how shall we apportion the great labor that confronts us, so that we may 
all share it effectively? 


WASHINGTON, D. C, 
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THE USE OF CLAY PRODUCTS IN MODERN HOMES' 
By R. B. KEELER 
ABSTRACT 
An article concentrating attention on the varied uses of clay products in the home 
of today. 


The artistic use as well as the indestructibility of clay products is well 
known today, and yet we seldom take advantage of these facts in the 
construction of our modern dwellings. 

Past history tells us how clay products have been utilized, first in the 
tablets of the Egyptians, later in Roman temples, and finally decorating 
the greatest buildings in Europe. 

The principal object of this article is to show the use of these materials 
as applied to our modern dwelling architecture. Clay products in general 
bring to mind extreme cleanliness, durability, fire resistant qualities, 
color harmony and unlimited decorative possibilities. 


Fic. 1. 


The Spanish specialized in tile several centuries ago, and notably bril- 
liant effects have been wrought by them in colored tiles. The appreciation 
of this material manifested itself in splendid structures of such as the Al- 
hambra and the Granada. 

The modern householder, however, considers his home as of first im- 
portance, and the result is that everyone these days thinks more or less 
of those beautifying touches, which make the home more than a mere 
shelter. 

Beauty and sanitation in the home never before commanded the at- 
tention they do today. The comforts and leisure of our up-to-date house- 
wife are determined by the use of materials and conveniences that lessen 
the burden of housework. Clay products furnish such a material. 

In general we might say that the construction of this type of dwelling is 


} Reed, April 17, 1925. 
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practically indestructible, not subject to wear, needs very little if any up- 
keep, is fire-proof, warm in winter and cool in summer, and in fact far more 
desirable as a home than any other materials now procurable on the 
market. At this present day and age, however, we seldom find clay prod- 
ucts used to any great extent in moderately priced dwellings, owing to the 
fact that architects and contractors are rather reluctant to work with 
materials which they are not thoroughly conversant with as to price or 
decorative possibilities. It is evident, however, that all the manufacturers 
of clay products should endeavor to bring before the eye of the public 
typical examples of what may be done along these lines, and this article 
is intended to show the actual application of these materials to our every- 
day home. 


Fic. 2. 


We give in the following illustrations a typical early California style 
home, describing in detail the general construction and decoration, re- 
ferring in particular to the use of hollow tile walls, tile and terra cotta 
decorations. 


Description of Photographs 
Figure 1 shows the front elevation of the dwelling. The exterior walls of 
this dwelling are 12 inches in thickness. The lintels are made of cast 
concrete 12 inches high, and reinforced with iron bars. The roof is covered 
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with clay roofing tile in various shades of red and brown. The window 
mullions are covered with twisted terra cotta columns; the stud bolt 
heads in the lintel are covered with tile rosettes, the front steps are made 
of vitrified brown rustic tile with a 2-inch overhang on the front, and the 
risers are made from decorative Spanish tile. Note the use of the terra 
cotta urn on the front steps. 

Figure 2 is a close up view of the front entrance showing in detail the 
rustic tile steps, Hispano-Moresque risers, and this detail shows more clearly 
the tile quoins surrounding the doorway. 


Figure 3. Entering the patio from the stepping stones along edge of the 
house we catch a glimpse of the side of the wall fountain, the small 
child’s head protruding from the wall, dropping water into the bird’s 
bath below, and in the immediate foreground the strawberry jar, having 
little cups along the sides which become the nests of strawberry plants. 

Figure 4 shows the close up detail of the tile work surrounding the wall 
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fountain, while down below a large clay frog may be seen looking toward 
the fountain. 

Figure 5 shows the circular pool in the patio, displaying on its border 
the varied use of the Moorish tile, as well as the four decorative frogs. 
These frogs are piped with small copper 
water pipes, and controlled with a valve, 
which allows them to spout water into 
the pond. 

Figure 6 shows the use of tile panels 
below the living room windows. ‘These 
tile are of decided Arabic design and 
portray the great interest that materials 
of this kind lend tg various portions 
of a dwelling. At the upper right hand 
corner of this picture is shown one of 
the roof spouts, which is also a clay 
product of considerable value to the 
home, being ornamental as well as 
useful. 

Figure 7 shows again another window 
decorated with very flowery Moham- 
medan tile, and emphasizing the true 
value of such decoration. Below the 
window panel may be seen tile venti- 
lators. 

Figure 8. Entering the front door we note the use of Hispano-Moresque 
tile wainscot copied from the Casa del Greca of Spain, and colored with 
deep rich vivid colors used by the Moors in the decoration of Spanish 
homes. In the upper right hand corner may be seen the built-in radio, 
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Fic. 6. 


and below, the wooden grille covering 
up the face of the radio dials, etc. All 
piping, batteries, etc., are concealed in 
the wall, and are accessible from a small 
closet on the rear side. The floor tile 
as well as the tile skirting the wall are 
made in soft rich browns dotted here 
and there with an occasional small tile 
of black, blue or buff. The size of the 
tile are varied, creating a general random 
pattern throughout the room. 

Figure 9. Looking down through the 
living room we see against the wall a 
mantel of faience terra cotta copied from 
the very old relics left by the prehistoric 


Fic. 7. 


Maya tribe in Yucatan and Guatemala, and the figures above the mantel 
shelf are supporting electric light lamps in imitation of ancient stone 
lamps. Mica is used in place of glass in the three sides of the lamps. 
The gas logs are, of course, made from clay products. The rustic tile 
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hearth may be seen in detail in this picture, as well as the random pattern 
of the floor tile. 

Figure 10. Looking into the library from the living room we note the 
use of perforated ventilator tile in the bulkheads. The floor is made up 
of vitrified brown hexagon tile surrounded with a border of 3 x 3 vari- 
colored tile. The step tread is a very good example of the rustic effect 
obtained in tile by cutting odd shaped joints. Floors of this kind are 
particularly interesting when made in various shades of red, buff, and 
brown, and the durability of this type of floor is very well known, in fact, 


Fic. 8. 


the life is far greater than that of the home itself, and it is not impractical 
or impossible to lay such a tile floor directly upon a 3-inch concrete floor, 
which has previously been laid over the ground. In this house, the living 
room, library and vestibule floor are laid directly on the ground, thus sav- 
ing the expense of floor joists, carpenter work, etc., and this constitutes 
quite an item in the cost of such a building. 

Figure 11. Entering the dining room and looking back toward the living 
room, we see the change in the type of floor tile, and the use of Hispano- 
Moresque tile on the wainscot or baseboard of the room. Decorative 
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tile are also in the back wall of the niche above the china closets. Floors 
of this kind are very easily kept clean, and lessen the work of the housewife. 

Figure 12. Entering the corridor from the dining room brings out the 
more cheerful character of the floor in a portion of the home which is 
usually very uninteresting. Gray glazed floor tile intermingled with 
small squares of red are laid in pattern throughout the floor, the border 
being decorated with flowered inserts. The wainscot around the sides of 


Fic. 9. 


this hall carries a wistaria design in color, and the plaster of the walls is 
brought down flush with the surface of the tile. All of this decoration 
adds a tone of distinction to this portion of the house, which would under 
ordinary circumstances be very dull. ‘Tile is used only as a base through- 
out the front bed room, having decorative flowers, leaves and stems, which 
serve as an ornament for this tile. The plaster of the wall is brought flush 
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Fic. 10. 


with the surface of the tile. The rear bedroom has a gray tile base orna 
mented with blue flowers, green leaves and brown stems. 


Figure 13 shows the use of 
bright glazed wall tile in the 
bathroom. The color of these 
tile is a soft cream with a light 
tinge of orange throughout. 
The small flowers interspersed 
with the larger sections are white 
with soft turquoise blue back- 
ground, the center of the flower 
being yellow. Above we have a 
border of white flowers, green 
leaves, and brown stems. The 
floor is composed of 2-inch 
square buff ceramic tile sur- 
rounded with a border of pink, 
gray and white. 


Figure 14 gives a general view of the sleeping porch, and the red quarry 
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tile floor. Folding beds are seen to the 
right which are closed during the day 
and only lowered at night. A 
Figure 15. Entering the kitchen from 
the hall we encounter a turquoise blue 
wall tile trimmed with a frieze of poly- 
chrome dots, and with a strip of cream 
above the base. The floor is composed 
of 2-inch hexagon tile with appropriate 
border. There is nothing that adds to 
the cheerfulness and cleanliness of a 
house better than glazed tile, and the 
use of colored glazed tile is fast becom- 
ing popular. Colors, after all, are the 
keynote of interior decorating, and many 
unusual effects are obtained by the use 
of the proper colors in the proper rooms. 
Figure 16 shows the breakfast room 
walls just off the kitchen, and in this 
room the colors .deviate from the ordi- 
nary, being made up of transparent 
Fic, 12. golden browns blending from light to 
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dark and laid in random sizes, and in scattered shades along the wall. 
The floor is made up in the same colors but in matt glaze. The effect 
on entering a room of this kind is very striking. 

In conclusion, we might say that the construction of this type of dwell- 
ing is after all the most economical. The first costs, perhaps, are a little 


Fic. 16. 


greater than that of wood. On 
the other hand, the insurance, 
painting, wear and repair on the 
average dwelling soon mounts 
up into considerable expense, 
and houses of this type are 
really improved by age, even in 
10 or 20 years they stand as a 
monument to their materials. 

The door and window casing 
are limited to very small wood 
sections, in fact just enough 
wood is used to fasten the cas- 
ing, and to be consistent with 
strength. The window frames 
are all metal. The exterior 
woodwork is not painted, but is 
simply burnt in a fire or with a 
gasoline torch, being finally 
brushed off with a wire brush. 
The interior woodwork is treated 
the same way. 

The exterior walls are plas- 
tered with one coat of water- 
proof cement and sand in pro- 
portion of about one to three. 
The interior walls are also plas- 
tered in the same proportion, 
hollow partition tile being used 
between the walls as well as in 
the exterior walls. The interior 


walls are finally painted and need no other finish. ‘The outside walls may 
be painted with whitewash brush and cement paint, or else left in their 


original color. 


May we not consider these everlasting materials more seriously in the 
building of our homies, and in perpetuating the ideas which soon become 


memory in other materials. 


CALIFORNIA CLAY Propucts Co. 
Los ANGELES, CALIF. 
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CONVENTIONAL VERSUS NATURALISTIC DESIGN! 
By Mary LANIER YANCEY 
ABSTRACT 

Growth from the naturalistic to the conventional type of design is the resultant 
of certain definite causes. The way for this growth among the people has been made 
smooth by the change from factory production to individual production in the crafts, 
and by more widely spread art education. Naturalistic design is based on imitation of 
natural forms and is enjoyed by the average man because of its likeness to life. The 
result of this satisfaction is a loss of interest and the need for a conventional treatment. 
Conventionalism is an adaption of natural forms through the addition of the designer’s 
personality. It is interpretation as opposed to fact. Conventionalism is sometimes 
misrepresented as being a kind of cleverness and inventiveness, and as a way of hiding 
bad drawing. Correctly understood, however, conventionalism is construction, not 
invention, and requires more skill in drawing than does mere representation. 


Introduction 


After a thorough training in design at the Newcomb School of Art for 
four years and a continued interest in and application of it in teaching for 
two years, my taste has changed over from the naturalistic type of design 
to the conventional. I assume that this is a normal growth and the result 
of certain causes which are believed to be obscure to all but artists but 
which can be clearly analyzed and defined. 

The field of pottery decoration is among the clearest of mirrors reflecting 
the tendencies of public taste in design. The turning away from the strictly 
commercial product, from production in great quantities which was neces- 
sarily mechanical and neglectful of design, to the artistic pottery given us 
by the trained and gifted craftsman was a change comparatively recent. 
It was a step in the right direction and is responsible for much beauty and 
much appreciation of design as applied to the crafts. At the present time 
there is another general change taking place, 7. e., the demand of the 
public now more widely educated in art appreciation, for a different type of 
design. It is the turning from the essentially pictorial to the representa- 
tional and interpretive, from the naturalistic to the conventional. 


Naturalistic Design Like Life 


Naturalistic design is arrangement presented in a form as much like 
nature as it is possible for art to be. It is basically imitative of natural 
forms. It is the kind of design most suited to the first training in art 
appreciation because it shows to the disinterested man something with 
which he is familiar and thereby pleases him. It gets across. It satisfies 
his expectations because of its verisimilitude, which is the standard by 
which he judges. It is design spoken in a fashion which he cannot help but 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Columbus, Ohio. 
Feb., 1925. (Art Division.) 
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understand because it is all around him. It is easy to be lifelike and 
easy to enjoy what is lifelike. In naturalistic design there is no mental! 
effort incited, and as there is failure to exact the highest emotional and 
intellectual activity on the part of the artist, there is a proportionate fail- 
ure on the part of his audience. 


Over-Satisfaction from Naturalistic Design 


Imitative art soon ceases to be interesting for the very reason that it 
does satisfy and quickly disgusts. It surfeits the appetite, becoming too 
much an exhibition of cleverness, of sweetness and sophistication, just as 
striving for too accurate a conception and too much realism in art has 
always resulted in decadence. 


Conventionalism the Outcome 

The result of this over-satisfaction is a reaching out for the imaginative 
presentation. A wise conventionalism is the proper answer to the need. 
In conventional design the artist endeavors to create form, based upon 
suggestions from nature, by adapting nature to his own will, by adding to 
it his own personality. He calls forth in his audience the same set of mental 
reactions upon which he constructed his design, and this element adds an 
intellectual pleasure to the aesthetic one. Conventional design is a pique 
to the interest as against the over-satisfaction of it. 


Conventional Design Interpretive 

Conventional design is a step beyond naturalistic because the one is 
interpretation whereas the other is a reproduction in an arranged form. 
An interpretation heightens the quality, refines the conception and ap- 
proaches nearer to pure form than can a statement of fact, however, much 
adorned. Just as art surpasses photography by getting rid of that com- 
mon-placeness which is almost vulgarity, so conventionalism is a transla- 
tion, a development and refinement of quality. 


Misapprehensions of Conventionalism 


There is a danger of conventionalism being used as a term for mere in- 
ventiveness. A total disregard for natural forms and growth and the 
resulting coldness and lack of interest are often attributed to conventional 
treatment. Worst of all is the despicable ruse of using the word conven- 
tional as a cloak to cover a lack of skill in draughtsmanship. Such libels 
upon the term have caused the school of design to become unpopular in 
many instances and have created a general misapprehension. 
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Correction of Misapprehension 


In reality conventional design is the result of construction as opposed to 
invention. The artist builds upon his knowledge which is the greatest 
prerequisite for good designing. Instead of disregarding natural forms and 
growth he emphasizes the important features of them, eliminating those 
which are unimportant and accidental. Henry R. Poore says in ‘“The 
Conception of Art,” “Art is the expression of the essential character of a 
subject.’’ Conventional design by minimizing detail enhances the es- 
sential character of the subject used for design. Far from excusing bad 
drawing, conventional treatment requires more skill than any other be- 
cause joy in pure beauty of line and proportion must fill the gap occupied 
in naturalistic treatment by the pleasure derived from associations. 


IowA STATE COLLEGE 
Ames, Iowa 


A METHOD FOR DETERMINING THE LIFE OF A SAGGER' 


By Ropert F. SHERWooD 
ABSTRACT 
A method for determining the average life of a sagger over the period of a year is 
given as an aid in determining costs. Inventories are taken at the beginning and at the 
end of the year, and a record is kept of the saggers made. The average number of 
saggers fired in a kiln is determined and from these figures the percentage loss of life 
of each sagger per fire is determined, as well as the number of fires per sagger. 


The sagger breakage problem is a most important problem in the great 
majority of plants using saggers. In use, a sagger is broken either during 
the firing or during the handling of the saggers when the kiln is drawn. If 
the department that has charge of drawing the kilns has a small labor turn- 
over, the sagger breakage will be much less than if the labor turnover is 
high in that department. The tunnel kiln has done much to cut down’ 
sagger losses, but for those plants using periodic kilns the life of a sagger is 
an important item in sagger costs. 

To determine the number of fires a sagger will withstand before it breaks 
may be done in a number of different ways. Undoubtedly the most com- 
mon method for determining the life of a sagger is to mark a number of 
saggers, perhaps a bung or two, and keep them separate from the other 
saggers in the kiln. From the number of fires which these saggers with- 
stand is determined the life of a sagger. This may be done several times 
during a year or it may be done only once. This method of determining 
the life of a sagger is always more or less unsatisfactory because the men 
drawing the kiln see the marks on the saggers, know what is going on, and 
consequently handle the marked saggers very carefully. 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Columbus, 
Ohio, Feb., 1925. (White Wares Division.) 
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One of the best methods for determining the life of a sagger is a method 
which takes into consideration the number of saggers made and the num- 
ber broken during a long period of time, probably a year. Perhaps to 
some, this method may seem impracticable, but in the majority of cases 
the information gained will be well worth the time and the effort expended. 

If the period of time under consideration be taken as one year, an in- 
ventory must be taken of the saggers on hand at the beginning of the year 
and at the end of the year, and a record kept of the saggers made during 
the year. ‘The average number of saggers placed in each different size 
kiln must also be determined. A method that has been found quite 
satisfactory in determining the number of saggers in a kiln is to take an 
inventory of the saggers as the kiln is being drawn. If this inventory be 
taken several times during the year for each size of kiln a fair average may 
be obtained of the number of saggers placed in each kiln. 

The formula used for determining the percentage loss of life of each sagger 
per fire is as follows: 

Total sagger breakage ; 
— xX 100 = Percentage loss of life 
Total number of sagger fires, or total sagger placed 
of each sagger per fire 


Taking 100% as the total percentage life of a sagger, and dividing this 
total percentage by the percentage loss of life of a sagger per fire will give 
the average number of fires a sagger will last. 

The total sagger breakage may be found by adding the saggers in- 
ventoried January 1 and the saggers made during the year and then 
subtracting from this total the saggers inventoried December 31. 

The total number of sagger fires for each kiln may be found by multi- 
plying the number of times that kiln is fired by the average number of 
saggers contained in that kiln. Then by adding the total sagger fires for 
each kiln, the total number of saggers fired for the year will be obtained. 

Having thus found the total sagger breakage and the total number of 
sagger fires, the above formula may be used to determine the percentage 
loss of life for each fire for each sagger. And from this percentage loss of 
life of a sagger per fire, the actual life of a sagger may be obtained. 

Following is an example of this method in actual use: 


No. of Average 
Kiln No. times fired sagger content 

1 20 1200 

2 30 1000 

3 40 1300 

4 15 900 

(a) Total saggers inventoried Jan. 1 15,000 
(b) ‘Total saggers made during year 10,000 


(c) Total saggers inventoried Dec. 31 15,000 
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(a+b)—c=d 


(d) ‘Total saggers broken during the year 10,000 
Total sagger fires 
1 20 X 1200 = 24,000 
2 30 X 1000 = 30,000 
3 40 X 1300 = 52,000 
4 15 X 900 = 13,500 
(e) Total number of sagger fires for the year 119,500 
(d + e) X 100 = f 
(f) Percentage loss of life of each sagger per fire 8.36% 
(g) Percentage total life of each sagger 100% 
ge+f=h 
(h) Number of fires per sagger 11.9 


By this method of arriving at the number of fires a sagger will last, or 
the number of fires per sagger, the figure obtained is the average life of a 
sagger for the year, and is an accurate criterion as to the life of a sagger in 
actual use. 

For those plants whose kilns are all the same size, and will therefore hold 
the same number of saggers, the method used for determining the life of a 
sagger is practically the same and somewhat simpler. In this case the 
average number of saggers contained in each kiln will be the same for all 
kilns, and this average may be obtained from any or all of the kilns. 

The same inventories should be taken as before, at the beginning of the 
year and at the end of the year, and of course a record kept of the saggers 
made during the year. The total number of saggers broken during the 
year can be obtained in the same manner. 

Since all the kilns are the same size in this case, an average number of 
saggers broken per kiln may be obtained by dividing the total number of 
saggers broken during the year by the number of kilns fired during the 
year. Considerable use may be made of this figure denoting the number 
of saggers broken per kiln. After the first year when this average is 
obtained, an inventory can be taken of the broken saggers in several kilns 
as they are being drawn, and from this inventory it can readily be deter- 
mined whether or not the sagger breakage is running above or below the 
average for the past year. 

Having obtained this average number of saggers broken per kiln, the 
percentage loss of life of each sagger per fire may be had by dividing the 
average number of saggers broken per kiln by the number of kilns fired. 
Then since the total percentage life of a sagger is 100%, the life of a sagger 
is obtained by dividing this 100% life of a sagger by the percentage loss of 
life of each sagger per fire. 
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An example of this method in actual practice is as follows: 


(a) ‘Total saggers inventoried Jan. 1 4000 
(b) Total saggers made during the year 2000 
(c) Total saggers inventoried Dec. 31 3000 
(a+b)—c=d 
(d) Total saggers broken during the year 3000 
(e) Number of kilns fired during the year 150 
d+ez=f 
(f) Average number of saggers broken per kiln 30 
(g) Average number of saggers placed in a kiln 600 


(f+g)X100=h 


(h) Percentage loss of life for each sagger per fire 5% 

(t) Percentage total life of each sagger 100% 
t+h=j 

(7) Number of fires per sagger 20 


No account has been taken of those saggers that are broken while drying 
or broken in any other manner while they are green and never reach the 
kiln. They are included in the number of saggers made during the year, 
and therefore are included in the number of saggers broken during the 
year. In some instances this may tend to bring down the number of fires 
per sagger, but by including this loss in the sagger breakage for the year 
a more accurate figure is obtained on the life of a sagger from the time it 
is made until it is broken than if this breakage were not taken into con- 
sideration. 

The period of time used to determine the life of a sagger may be changed 
to suit conditions. Perhaps in some instances a shorter period than a 
year, three months or six months may be taken. If the cost department 
can issue these reports on the life of a sagger for each quarter or each six 
months they would show just how the sagger breakage was running and 
would undoubtedly be of assistance in bringing down sagger losses. 


CERAMIC LABORATORY 
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ACTIVITIES OF THE SOCIETY 


ANNUAL MEETING, ATLANTA, GEORGIA 
February 8-13, 1926 


Arrangements for the 1926 Annual Meeting, which is to be held in Atlanta, 
Georgia, are progressing. The local committees are organized and are getting under 
way. A time schedule for the side trips and plans for entertainments are quite complete. 

Dr. Charles H. Herty, President of Synthetic Organic Chemical Manufacturers 
Association, a native of Georgia and a man of world-wide reputation as an industrial 
scientist, will give the address of welcome. 

The Committee on Education is working up a program for the opening general 
session on thé general subject of ceramic education. The whole subject of ceramic 
education is of vital interest to the taxpayer and to ceramic manufacturers because of 
the large sums of money now being expended in support of educational enterprises, and 
because of the rapidly increasing demand for men with minds trained to use science 
facts in the solution of industrial problems. Evidence of the very general interest in 
educational questions is shown by the appointment of committees on education by 
nearly every ceramic trade association and by the ceramic institutes. 

The Divisions are getting under way with their programs. They will have sessions 
beginning Tuesday morning and closing Thursday noon. The South has ceramic ma- 
terials, an increasing market and a hustling industrial personnel, and, of course, will be 
putting forth their very best foot at this Annual Meeting, but these technical sessions 
by Divisions will be exclusively of broad and fundamental interest as they have been 
always. 

An exhibit of ceramic products, ceramic materials and equipment is being provided 
for and the interest already evidenced is prophetic of an exhibit even greater and more 
educational than any which the SocrEty has heretofore sponsored. These exhibits are 
managed at cost with profit accruing to none other than the delegates attending the 
Meeting. 

The week of February 8—13 in Atlanta, Georgia with side trips to Macon and through 
the clay belt promises to be one of great interest. Historically and because of nature’s 
grandeur this part of our country will please and appeal to you. It is different and, as 
the land and climate are different so are the Southern people a wee bit different, and 
pleasingly so. The ladies of Atlanta are going to stage a “cut up’’ evening at the 
Woman’s Club with a varied program of music, dramatics and dancing. The Macon 
business men have planned a royal welcome at their hotels and country clubs. The 
clay workers of the Gordon-MclIntyre district have an original barbecue in which, by 
practice, they are adepts unsurpassed. These are suggestive only of the large and varied 
reception that await our participation but all with due regard to the serious reasons for 
the delegates attending the technical sessions, viewing the exhibits, visiting the univer- 
sities, museums and historical parks. A setting for more dignified pleasure, cultural 
and industrial education is rarely had at any meeting than is being arranged for our 
next Annual Meeting. 


NEW MEMBERS RECEIVED FROM MAY 15 TO JUNE 15 
PERSONAL 
A. J. Bruce, 173 E. Woodbridge St., Detroit, Mich. President, Bruce Products Corp. 
John F. Butler, President, Elgin-Butler Brick and Tile Co., Austin, Texas. 
Wilber A. Carter, 8741 Arcadia Ave., Detroit, Mich. Engineer, Research Dept., De- 
troit Edison Co. 
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John T. Curry, Manager, Terra Cotta Service Bureau, 307 N. Michigan Ave., Chicago, 
Ill. 

Winfield Eckley, Vice-Pres.-Manager, U. S. Brick Co., Tell City, Ind. 

D. R. Ferguson, Jr., Assistant General Manager, Crescent Brick Co., New Cumberland, 
W. Va. 

Walter L. Fitzgerald, Wesley Bldg., 1701 Arch St., Philadelphia, Pa., Eastern Repre- 
sentative, Haws Refractories Co., Johnstown, Pa. 

Hermann Hofmeister, Rommerode, Bez-Cassel, Germany. General Manager, Ver- 
einigte Grossalmeroder Thonwerke Act. Ges. 

E. M. Jones, Brick Manufacturer, Box 396, Altoona, Pa. 

C. Mayhew, 48 Leamington Gardens, Seven Kings, Ilford Essex, Scotland. John G. 
Stein and Co., Ltd., Bonnybridge. 

Ernest Miller, Ashley Villa, New Rd. Bromsgrove, Scotland. John G. Stein & Co., 
Ltd., Bonnybridge. 

Alfred Magill Randolph, P. O. Box 395, Warrenton, Va. Electrical Engineer, Metro- 
politan-Vickers Electric Co., Ltd., Manchester, England. 

J. A. Rumer, 54 N. Parkside Ave., Apt. 1, Chicago, Ill. Chicago Representative, 
The Ferro Enamel Supply Co. 

Hubert Somers, 209 N. Missouri Ave., Atlantic City, N. J. Treasurer, Somers Brick Co. 

Paul Stevens, 1703 N. Artesian Ave., Chicago, Ill. Enameler. 

CORPORATIONS 

The New Martinsville Glass Mfg. Co., W. A. M. Clarke, General Manager and Secre- 
tary, New Martinsville, W. Va. 

Hydraulic-Press Brick Co., Geo. F. Baker, Secy. and Treas., 705 Olive St., St. Louis, Mo. 


Membership Workers’ Record 


Personal Corporation 

F. A. Harvey 1 
R. A. Horning 1 1 
W. G. Owen ] 
Colonel Alan Stein 2 
A. Silverman l 
F. L. Steinhoff l 
J. S. Unger l 
R. A. Weaver 1 
Office 7 

15 2 


PERSONAL NOTES 


E. N. Bunting, lately of the Western Electric Co., New York City, is now associated 
with the National Research Council, Washington, D. C. 

Ernest Clark of the American Terra Cotta & Ceramic Co., of Terra Cotta, IIl., 
has recently moved to Kansas City, Mo., and is associated with the Kansas City Terra 
Cotta & Faience Co. 

C. D. Clawson, of the class of 1925 of Ohio State University, is located at 84 North 
Ave., Battle Creek, Mich. 
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Miss Mabel C. Farren of Pittsburgh, Pa., is spending a year at Monmouth, Oregon. 
She is teaching in the State Normal School. 

Ray S. Godard, on Montreal, Canada, has accepted a position with the H. L. 
Dixon Co., Pittsburgh, Pa. 

James T. Keenan has left the Vitrolite Company, Parkersburg, W. Va.; and is 
associated with the B. F. Drakenfeld & Co., Inc., Washington, Pa. 

E. K. Koos, formerly associated with the Chelsea China Co., New Cumberland, W. 
Va., has accepted a position with the Red Wing Union Stoneware Co., Red Wing, 
Minn, 

Morgan D. Lalor formerly of Los Angeles, Calif., has moved to 527 Colvin St., 
Baltimore, Md. 

Charles C. Leigh has moved from Tacony, Pa., to 3400 Longshore St., Philadelphia, 
Pa. 

Frobisher T. Lyttle, of Whiting, Ind., is now living at Monmouth, III. 

D. P. Ogden is associated with the Ogden Engineering Co., Ottawa, III. 

Will A. Rhodes has left the Sebring Pottery Co., of Sebring, Ohio, and is working 
with the Jackson Vitrified China Co., Falls Creek, Pa. 

Edwin M. Rupp, of Middletown, Ohio, has moved to 226 W. 47th St., New York 
City. 

H. H. Stephenson has recently resigned as chemist with the American Encaustic 
Tiling Co., Zanesville, Ohio, and is now employed by the N. Y. Architectural Terra Cotta 
Co., Long Island City, N. Y. 

Alden E. Stilson, formerly employed by the Chicago Fire Brick Co., is now affiliated 
with the Portsmouth Refractories Co., Portsmouth, Ohio. 

Ray T. Stull has moved from Savannah, to 303 Hillyer Ave., Macon, Ga. 

C. Forrest Tefft, member of the Board of Trustees of this Soctgety has moved from 
Watsontown, Pa., to Columbus, Ohio. Mr. Tefft is General Manager of the Claycraft 
Company plants. 

Karl Turk has moved from 116 W. Hamilton Ave., Baltimore, Md. to Riderwood, 
Md. 

B. W. Willson, of Mason City, Iowa, is now living at 5037-A Ridge Ave., St. Louis, 
Mo. 


THE PITTSBURGH LOCAL SECTION MEETING, JUNE 3, 1925! 


On Wednesday evening, June 3, the Pittsburgh Section of the Socrety held a ladies’ 
night dinner at the Faculty Club of the University of Pittsburgh. 

The guests of the Section were Leon Yeatman and Mr. Fauchon of the French 
Ceramic Society, and Mr. Duff of the National Paving Brick Association of Cleve- 
land. . 
Mr. F. W. Donahoe acted as toastmaster. After the dinner, owing to the torrid 
weather, the meeting adjourned to the spacious porch of the Faculty Club. Here all 
formality was dispensed with and speeches were transformed into informal discussions. 
Mr. Yeatman told of his mission to this country in the interest of French vitrified paving 
brick. A little later he spoke of the reconstruction and rehabilitation of the devastated 
areas of France. The Section was much interested in his French ideas regarding the 
working of the Dawes plan. 

Dr. E. W. Tillotson voiced the welcome of the AMERICAN CERAMIC Socrety to the 
French visitors and regretted that Mr. Yeatman’s stay was to be so short. 


1 Foster Robertson, Secretary. 
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SECOND PROGRESS REPORT ON CAST IRON FOR ENAMELING 


Bureau of Standards, 
Washington, D. C., 
June 9, 1925. 
To the Members of the Enamel Division: 

You will, no doubt, be pleased to learn that the Cast Iron Research is progressing 
rapidly at the Bureau of Standards. The work of late has been of such a nature that 
it has not been necessary to send out castings for enameling. 

Our last Progress Report to the Enameling Division of the AMERICAN CERAMIC 
Socrety at Columbus, Ohio, included the results obtained on a number of sample plates 
cast from northern pig irons claimed to blister on enameling. These castings were dis- 
tributed to coéperating enamelers and also enameled in our laboratory. Both lots of 
sample plates were found to blister if enameled above a fairly definite temperature, 
i. e., about 1290°F. 

There are three main possibilities as to the cause of the blisters, as follows: some gas 
is taken up as such in the blast furnace, due to some difference in operating conditions 
in northern furnaces. It has been assumed that on remelting once in the cupola the 
gas is not removed, but it is on repeated melting. Just why this should happen is not 
clear, because analyses of cast irons for oxygen, hydrogen and nitrogen show no differ- 
ences between ordinary and remelted irons. 

The second possibility is that some element not shown by ordinary analysis might 
be present in the pig and is in some hidden way responsible for the trouble. Spectro- 
scopic analyses have been made to determine this but no differences that could be con- 
sidered significant were found. 

The third possibility is that the trouble may lie in the presence of graphite on the 
surface, which is not wholly removed by sand-blasting and which, at a sufficiently high 
enameling temperature, reacts with the oxides of the enamel to form carbon monoxide, 
which causes blisters. By remelting, something might happen to change the distribu 
tion of graphite so that finally the surface after sand-blasting would be free from graph 
ite. 

In view of the possibilities, sample plates were prepared from two northern irons 
melted once in the electric furnace. The scrap produced was also remelted and cast 
into sample plates. One northern iron has been remelted in the cupola two times and 
sample plates cast. The test pieces made by the above methods have been enameled 
at the Bureau of Standards and the results obtained were promising. It was found that 
all plates cast from the first melting in the electric furnace blistered, however, not as 
badly when enameled by the dry process as when enameled by the wet process. Sample 
plates obtained by remelting the scrap both in the electric furnace and cupola show no 
blisters when enameled by the dry process and a decided reduction in blistering in the 
wet process. It appears that remelting the iron several times is quite beneficial in 
reducing the blistering of the enamel. 

Chemical analyses of the cupola and electric furnace melts have been made. Micro- 
scopic examination is in progress. F 

Some of this work is an extension of the original tentative program. Unless other 
methods of attack appear more promising, the bulk of the original program will be fol- 
lowed, but will be modified as the results of the tests may indicate. 

Your Committee on Research has established a research fund to which all interested 
parties are urged to contribute. Following is the list of contributors to the Cast Iron 
Research Fund to date: 

The American Radiator Co., Buffalo, N. Y.; American Stove Co., St. Louis, Mo.; 
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The Beckwith Co., Dowagiac, Mich.; Belleville Enameling Works, Belleville, Ill; 
Bridge and Beach Mfg. Co., St. Louis, Mo.; Buckwalter Stove Co., Royersford, Pa.; 
Chicago Hardware Foundry Co., North Chicago, IIl.; Chicago Vitreous Enamel Prod- 
uct Co., Cicero, Ill.; Crane Enamelware Co., Chattanooga, Tenn.; Cribben and Sexton 
Co., Chicago, Ill.; The Early Foundry Co., Dickson, Pa.; Evansville Enameling Co.; 
The Floyd-Wells Co., Royersford, Pa.; The Humphreys Manufacturing Co., Mans- 
field, Ohio; Ingram-Richardson Manufacturing Co., Beaver Falls, Pa.; Iron City Sani- 
tary Manufacturing Co., Pittsburgh, Pa.; Kohler Co., Kohler, Wis.; A. J. Lindemann 
and Hoverson Co., Milwaukee, Wis.; Malleable Iron Range Co., Beaver Dam, Wis.; 
The Marietta Hollow-Ware and Enameling Co., Marietta, Pa.; Metal and Thermit 
Corporation, New York, N. Y.; Moore Brothers Co., Joliet, Ill.; Panghorn Corporation, 
Hagerstown, Md.; The Pfaudler Co., Elyria, Ohio; The Porcelain Enamel and Manu- 
facturing Co., Baltimore, Md.; George D. Roper Corporation, Rockford, IIl.; Rundle 
Manufacturing Co., Milwaukee, Wis.; Rehoboth Porcelain Enamel Co., Rehoboth, 
Mass. ; Standard Sanitary Manufacturing Co., Pittsburgh, Pa.; The U. S. Smelting 
Furnace Co., Belleville, Ill.; The Wehrle Co., Newark, Ohio; Ward Leonard Electric 
Co., Mount Vernon, N. Y.; Wolff Manufacturing Corporation, Chicago, IIl.; Washing- 
ton Iron Works, Los Angeles, Calif. 

In addition to the financial support furnished by the above, numerous offers of 
coéperation have also been received. It is impossible for the Committee to accept all 
of these offers for fear of spreading the work over too large an area. A few have been 
chosen for some special purpose. 

You will receive these reports from time to time as the work progresses and the 
data becomes available. Your advice, criticisms and suggestions are earnestly solicited. 

Very truly yours, 
H. G. WoLFRAM 
Secretary, Enamel Division. 
By direction of the Research Committee. 
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CHARLES FERGUS BINNS, D.SC. 


On June 10 at Alfred, N. Y., Charles F. Binns was given the honorary degree of 
Doctor of Science by his collegiate associates as a token of their estimate of his scientific 
accomplishments. President E. Ward Tillotson and General Secretary Ross C. Purdy 
of the AMERICAN CERAMIC SOCIETY attended the commencement exercises of Alfred 
University in testimony of the regard and esteem in which Dr. Binns is held generally 
by ceramic manufacturers. Prof. A. S. Watts, director of the pioneer collegiate ceramic 
department, Ohio State University, was there to tell of the high place earned by Dr. 
Binns in collegiate circles. Several ceramic friends and many of the graduates of the 
Alfred Ceramic School were present to do honor and to give personal expression 
of appreciation of the contributions made by Dr. Binns to ceramic technology and art. 

The annual commencement week of Alfred University was taken as an opportunity 
to honor a man who, for twenty-five years, has so directed the New York State School 
of Clayworking and Ceramics, and who has accomplished such high results in ceramic 
science and art, as to have earned universal approbation. 

Alfred is a small village, nestled between wooded hills on a tiny stream a short dis- 
tance from railroads and main highways and cities. It is without any manufacturing, 
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but in the midst of centers of industrial, mining and trade activities. There is evidence 
that Alfred has been set apart as a charming cloister where man can dream and think 
in quiet seclusion and yet be in close contact with the world’s business and manufactur- 
ing activities. Its location is ideal for such an investigator and thinker as is Dr. Binns. 
The scenic beauty of those Allegheny hills and the placidness in the human activities 
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of that village actuated as they are only by natural and intellectual pursuits rather than 
commercial, harmonizes well with poetic and artistic habits of mind of Dr. Binns. 

In Alfred, Dr. Binns, for twenty-five years, has lived in this close relation to nature. 
He has had personal and intellectual contact with the philosophers, historians, scient- 
ists and artists of Alfred University. And he has been only a short distance from the 
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: realities of ceramic production and sales. It is this fine harmony of situation and nat- 

3 ural artistic talents that has given Dr. Binns a distinct if not an unique character as 

: instructor in ceramics. This ideal combination of location with natural talents is 
reflected in the direction he has given to the application to ceramics of scientific fact 

4 

3 


and artistic concepts. It is reflected in the transmission of these truths to the inquiring 
youth and to the producer in terms of usable ceramic products. 
To be honored in “his own country,” to be deemed worthy of the highest regard by 


those with whom he has labored for twenty-five years, to hold the unanimous loyalty 


; 
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and love of those who have gone from his classroom and laboratory into manufacturing 
plants, to have the universal approbation of the captains of the ceramic industries be- 
cause they have tested and found useful the ceramic science and art as taught and prac- 
ticed by him; these are cherished rewards for having kept for twenty-five years in tune 
with nature and with a mind searching for scientific truths in a cloister near by but out 
of sound of the industrial world. Dr. Binns has frequently had these rewards in spoken 


words and in acts until assurance of their genuineness needed no formal certification, 
yet the honorary degree of Doctor of Science from Alfred University, the testimonial 
of appreciation on parchment from the AMERICAN CERAMIC SOCIETY and the endowment 
fund providing for an annual Charles Fergus Binns Medal are permanent records which 
will tell the generations to come of the big place which Dr. Binns has in university cir- 
cles, in industrial ceramics and in the hearts of his pupils as a ceramist, teacher and man. 


“E CONCREMATIONE CONFIRMATIO” 


By CHaARLEs F. Brnns! 


“T went down to the potter’s house and behold he wrought a work upon the wheels, 
and the vessel that he made of clay was marred in the hand ef the potter and he made it 
again another vessel.’’? 

The field of ceramics is very large and includes all the substances which are produced 
from silicate materials and made permanent by fire but in order that this address may 
not exceed the proper limit the discussion will be confined to the origin and develop- 


1 Doctorate Address at 1925 Commencement, Alfred University, N. Y. 
2 Jeremiah, Chap. 18, vs. 3 and 4. 
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ment of the clay ware commonly known as pottery with an ultimate arrival at the 
production of stoneware and porcelain, a consummation involving the attainment of the 
highest skill in ceramic art and engineering. 

It is not a matter for surprise that the primitive potter used clays which were easily 
obtained. In fact, it is certain that the clay itself suggested its own use. Tracks made 
by the feet of beasts and men must have revealed the impressionable quality of moist 
clay and from the suggestion thus provided it is not a great distance to the shaping of a 
jar. The discovery that clay could be hardened by fire was another and equally im- 
portant step. In the semi-tropical lands to which are traced the beginnings of civiliza- 
tion, sun dried clay may have achieved some practical importance but with the exception 
of brick no remnant of this can be found. 

The product of the potter is to be considered, not in any relation to the antiquity of 
man or the age of the earth, but as a distinct tribal or national development. Pottery 
has always formed one of the chief evidences for the guidance of the archeologist. 

The pottery of the Stone Age was made by hand but this does not mean that it is 
all alike. The work of the aboriginal American affords a series of excellent illustrations. 
The northern tribes could not carry large jars on their frequent migrations. It was 
easier to make new ones at each encampment. Therefore, a considerable number of 
undamaged pieces is found but they are evidently for temporary use. Farther south 
where the residence was for longer periods, more time was spent on the work. It was 
finished and often decorated. The valley of the Mississippi contains many excellent 
examples. Then among the Indians of New Mexico where houses took the place of 
tents the pottery assumes a distinct style and is painted with colors. 

With the knowledge of metal working which characterizes the age of iron the potter's 
wheel was invented and a new type of clayware appears. The form is now true and 
often beautiful, the surface of the clay is polished and the decorations are founded upon 
the principle that a rotating jar can be overlaid by lines and bands by simply holding 
against it a brush or tube charged with color. Incised lines were produced in a similar 
way by holding a sharp tool against the surface of the moving jar. The spaces between 
these lines were afterwards filled in by patterns of different forms. 

The discovery that pottery could be glazed and thus be made impervious to water 
marks an epoch in the development of the art. The peoples who never emerged from 
the Stone Age, such as the ancient Britons, did not glaze their pottery. The use of glaze 
is fourtd only in those nations which outgrew this stage very long ago; notably the Egyp- 
tians, the Chinese and the Greeks. The forerunners of the last named people were 
glazing their wares in great perfection fifteen hundred years before Christ and though 
the art declined and was apparently lost, some fine examples remain. Doubtless the 
beginnings were similar to those of other lands and nations but during centuries of prog- 
ress these had been left behind. Documentary evidence in the Chinese empire is said 
to date back to 2500 years B.C. and many centuries before that there was a Chinese 
people. We find then a living nation which has a continuous history of at least 4500 
years and, as this nation has from the beginning been a producer of pottery, it affords 
an unexampled field for the study of the art. We may pass by the very early stages, 
such as those already illustrated, and deal especially with the characteristic feature of 
Chinese work which consists in the use of a high temperature in the firing of the ware. 

I must say a word first about the significance of high temperature and second, 
about the difficulties which attend its use. The essential principle, or what may be 
called the philosophy of the fire lies in the parallel facts that practicable clay must be 
so composed either naturally or artificially, as to be at once compliant and resistant; 
compliant in that the effect of temperature must be strongly evident, resistant in that 
the pieces shail, notwithstanding the compliance, retain their individuality and form. 
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If the former were lacking the ware would acquire no quality, if the latter, the quality 
would be lost in an ultimate collapse. 

Careful experiments have shown that the firing of pottery in ancient times was at 
about the melting point of silver (960°C). So uniformly is this found to be the case 
that it is even conjectured that a silver wire was used as a test. Now this temperature 
produces only a mild redness in the kiln and while it protects the clay from disintegra- 
tion it leaves it soft enough to be cut with steel and until this condition could be changed 
there was no possibility of an improvement in quality. The composition of the clay 
and the intensity of the fire are closely related and, in the process of evolution which we 
are considering, it came to pass that certain clays were found to be almost unaffected 
by the degree of firing which was then usual. What was more natural then than to 
try the effect of an increase in temperature? The result must have been a revelation 
to the potter. It did not come all at once. Probably centuries passed as the gradual 
use of hotter fires rendered possible the employment of wider and wider varieties of 
clay. It also became evident that the clays thus made available were of purer quality 
and hence produced pottery of clearer color and more attractive appearance, until 
ultimately there emerged at about the beginning of the Christian era, a stoneware, hard, 
resonant and durable. This result was achieved by the Chinese and from that time the 
progess was steady and sure. The point is, and upon this I wish to lay stress, that the 
necessary high temperature had been subdued to the use of the ceramist and that upon 
this fact the whole success of ceramic practice depends. 

Stoneware having been perfected as to its essential substance the next step was the 
production of a glaze by which the surface could be made more attractive and which 
would permit the introduction of brilliant color. I have mentioned the occasional 
glazed ware which were made at an earlier period, but the practice of glazing had not 
become general. The use of glaze as an indispensable addition to clay ware must be 
credited to the pottery of the Han dynasty. 

It took a thousand years to advance from stoneware to porcelain and hundreds of 
patient minds and hands labored in the development. The plan was not premeditated. 
Porcelain was not an ideal conceived and consummated but was the result of a slow and 
gradual transition. Hundreds of clays and rocks were treated and tried. The purer 
clays demanded higher temperatures and these in turn made possible the use of purer 
and purer clays. Only one type of clay can be used to make porcelain, pure white and 
so resistant to fire that alone it does not possess the necessary compliance of which 
we have spoken. 

In the 14th Century the Mohammedan potters had found means to clothe their dark 
clay with a white surface and this corresponds exactly to the period when the Chinese 
porcelain makers had reached the summit of their art. During the great Dynasty of 
the Ming Emperors which began in 1368 the finest examples of porcelain were produced 
and the supremacy then gained is still secure. It is not difficult to account for this 
success. ‘The Chinese craftsmen possessed all the qualities necessary for the production 
of fine work, skill, patience and a well-balanced critical sense and they labored in an 
atmosphere of appreciation. 

We can only mention the enameled ware of Spain,-Italy, France and Holland, all 
of which were inspired by the same ideal of a brilliant white surface, and pass at once 
to the genesis of porcelain in Europe. Late in the 17th Century the potters of France 
had so refined their preparations and processes that they were able to produce an ex- 
cellent imitation of the Chinese ware. 

It is not quite certain where the priority of this development belongs. In the year 
1690 there is found a published statement referring to the “‘secret of making porcelain 
objects” but this may refer only to the enameled pottery which was then in vogue. 
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Eight years later, however, an English physician wrote, ‘‘I saw the poterie of St. Cloud 
with which I was marvellously well pleased for I confess I could not distinguish between 
the pots made there and the finest china ware I ever saw.’’ From the establishment of 
St. Cloud there arose the enterprise at Vincennes which was ultimately transferred to 
Sevres to become the Royal Manufactory of France with King Louis XV as the sole 
owner. In all of these instances the ware made was soft paste china. The true clay 
had not been found in France although search had been made for it. Seventy years 
after the publication of the report of the English doctor it is said that one Madame 
Darnet, the wife of a French physician, found some white clay in a ravine near her home 
at Limoges. She, careful soul, was accustomed to launder her own linen and thought 
that this substance might serve instead of soap. She took a supply home with her and 
showed it to her husband who happened to know of the demand for kaolin. He sub- 
mitted a sample to the King’s chemist, Macquer, who identified it as the much sought 
for substance. Sevres was now able to make true porcelain and in 1804 the old and costly 
soft paste was finally abandoned. These kaolin beds are now known to be the best in 
the world. 

Shortly before this time the pure clay had been discovered in Saxony and a porce- 
lain identical in composition with the Chinese was made. There is also a legend re- 
lating to this discovery. The alchemists of that time had two chief objectives, the 
elixir of life which was to enable men to live forever and the philosopher’s stone which 
was to turn base metals to gold. One of these men, Johannes Béttger by name, was 
employed by the King of Saxony in the search for these secrets. He had occasion to 
use high temperatures and needed crucibles of clay. All that he could find was red 
clay of good quality but which was not sufficiently refractory. Incidentally he made 
from this some excellent brown pottery, examples of which may be seen in museums. 
Those were the days of powdered wigs and Béttger, donning his headgear one morning, 
was struck by its unusual weight. Making inquiry he found that his servant had used 
a new hair powder. He shook some of this from the wig and examined it. It would 
not take fire, it would not dissolve. Remember that the mind of the investigator was 
attuned to the properties of clay and that the idea of porcelain was in the air for the 
King had already made a small collection of Chinese ware. Béttger was naturally 
greatly interested. He tested the new powder and found that he had possession of 
the true porcelain clay. Steps were taken to secure the source of the material and the 
King, with a sublime and regal disregard of the liberty of the subject incarcerated 
Bottger in the castle of Meissen with a corps of assistants and charged them to produce 
results. Thus the well-known Dresden porcelain came to birth. Let us note here that 
discoveries do not come by accident. The mind and the fact come together at the proper 
moment. This had been abundantly illustrated in astronomy, in chemistry and in 
physics. Had our alchemist not been awake to the significance of the phenomena he 
was observing he might have passed them by and the discovery would not then have 
been made. 

In England pottery had been produced from very early times but it was crude in 
quality. The art showed no great advance until the time of Josiah Wedgwood under 
whose influence many improvements were made both in composition and workmanship. 
In 1813 one Miles Mason took out a patent for his Ironstone china the composition of 
which was based upon a curious association of ideas. Mason had observed the smelting 
of iron ore and thought that perhaps the glass-like slag which was drawn from the blast 
furnace might have acquired some of the properties of the iron itself, notably, strength. 
He thought that if he could succeed in incorporating some of this material with the 
substance of his pottery, this in turn might partake of the strength of the iron and so 
prove unbreakable. The slag did, in fact, strengthen the pottery because it consisted 
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largely of lime. But the name Ironstone was given in the belief that this long distance 
association with iron had provided a ware stronger than the common stuff. 

Chinese porcelain or, as it is sometimes called, hard porcelain, is the prototype and 
the standard of all whiteware which are either procelain or an imitation of it. The 
modern ware of the continent of Europe are technically the same as those of the Chinese 
but in England it is different. Not porcelain but china is the white translucent ware 
made there. The original Chinese porcelain in common with almost all ancient ware 
was fired in the kiln but once. The glaze was painted or poured on the piece while in 
the clay state and one fire vitrified the body, fused the glaze and united them into one 
completed work. All true porcelain is made thus to this day except that the modern 
methods of manufacture demand a gentle heating of the clayware before the glaze is 
applied, in order to avoid breakage. This is merely a concession to factory methods 
and has no effect whatever upon the finished piece. When the French potters evolved 
their translucent ware from the fine earthenware of their regular practice they perpetuated 
the earthenware methods which consisted in a double firing, once for the clay ware and 
a second time for the glaze. These two fires were rendered necessary by the fact that 
the glaze in use was exceedingly fusible and needed only a low temperature to produce a 
brilliant surface. If a one fire process had been practiced, either the temperature must 
have been high enough to harden the clay, in which case the glaze would have been 
spoiled or it must have been low enough to suit the glaze in which event the clay would 
not have been strong enough to endure. Possessing ready to hand a brilliant glaze, 
all that was necessary was to improve the clay mixture sufficiently so that it would 
become white and translucent at the temperature which then served. This was ac- 
complished by the introduction of artificial compounds and the super-addition of the 
glaze completed the work and produced the ware which was called ‘“‘pate tendre” or 
soft paste. The so-called soft porcelains of France and later, of England, therefore are 
porcelains only in appearance. The technique of their manufacture is quite different 
and therefore I, for one, prefer to withhold the name porcelain, reserving it exclusively 
for the once fired ware. 

Passing by some early endeavors at ceramic production in this country, we find that 
pottery of all kinds, even brick, was at first imported. The so-called colonial ware were 
made in England and printed with American views. A good deal of Chinese porcelain 
also found its way to these shores but in the early part of the 19th Century there grew up 
in Trenton, N. J., a colony of potters, mostly Englishmen. They were attracted to 
the locality by the existence of an abundance of clay which, while not of the finest quality, 
was suitable for the crude household ware which were in demand. When improvements 
were desired English clays were sent for and to this day are very largely used. No 
attempt was made to produce china or porcelain, the manufacturers contented them- 
selves with making earthenware, more or less white, for which there was a large and 
growing demand. 

Not until about the year 1885 was the characteristic American ware known as 
Hotel china manufactured by the Greenwood Pottery Company. For a long time this 
held the field against all comers but at the present time a ware even better is being 
made in several factories. This ware was especially designed to withstand the hard 
usage of hotel and restaurant service. The body is vitrified and translucent but the 
color is not as good as that of porcelain or English china. Hard porcelain is not made 
here for table use. The same ware, of course, in different form serves for spark plugs 
and electrical insulators and these we make in great perfection but we have never learned 
the art of producing porcelain tableware. The reason is that American potters learned 
their art from the English who make, as we have seen, not porcelain, but china and the 
technique of manufacture of these two wares is widely different. 
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In the progress of our study we have noted that the phenomena which appeared 
from time to time were to a large extent unexpected. The men who practiced the art 
of ceramic production were guided by happenings which they had not intentionally 
planned and for which they were often unprepared. ‘This condition, while it contributed 
to the variety of ceramic product, was not adaptable to the demands of an advancing 
civilization. It was inevitable that some attempt should be made to take advantage of 
accumulating knowledge and to compare the results of experiments. Means were 
sought for measuring and regulating the advance of temperature during the firing 
process. The chemist was called upon for information as to the composition of ma- 
terials and extensive research was carried on in the compounding of glazes and colors. 
It is characteristic of the art of the potter that the craft preceded the science. In 
fact, one of the stumbling blocks lying in the path of progress is the difficulty of per- 
suading those who have been trained in practice that their work cannot be perfected 
without a knowledge of theory. This proving of theory by practice and illuminating 
practice by theory is education. 

In Alfred we are especially interested in the necessary training to be given to those 
who expect to engage in the production of ceramic ware and perhaps enough has been 
said to convince you of the complicated nature of the processes employed as well as the 
intricate constitution of the materials. No one who has not acquired a fairly accurate 
knowledge of the science of chemistry can expect to comprehend the fundamental re- 
lations of substances to each other under conditions of high temperature, especially 
when these substances are themselves of complex composition. A ceramic engineer is 
not necessarily an analytical chemist but he must be familiar with the nature of chem- 
ical reactions so that he can accurately articulate cause and effect and confidently pre- 
dict results. But chemistry is only a beginning. Physical reactions are of equal and 
often greater importance. For instance, the drying of clayware rapidly and safely 
may seem to be a simple thing but an error in this may cause disaster. At the present 
time there are probably more inventions relative to drying than to any other single 
process. Fortunately this problem is not confined to clay and much has been learned 
from the industries devoted to lumber, textiles and even candy making. The processes 
of firing are largely physical. Combustion is a chemical reaction but draft, pressure 
and vacuum are in the field of physics. Nor must we ignore mechanics, the production 
and transmission of-power, economical grinding and sifting, wheels for shaping and turn- 
ing, and the application of heavy pressure to steel dies; all of these are part of the 
day’s work in some phase of the industry. 

The quality of clayware is shown either by durability or by beauty. In almost 
every product both of these are evident though one or the other may predominate in 
each case. Sometimes a piece is sold because its appearance is pleasing, sometimes 
because it is strong and useful. Even a brick should play its part in a beautiful struc- 
ture and an ornamental vase should be capable of use. 

“E Concrematione Confirmatio,”’ “out of the fire comes firmness, 


we pass to strength.” 
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NOTES FROM THE CERAMIC SCHOOLS 
Alfred University’ 


There are fifteen men graduating in the class of ’25 this June. The following list 
shows where some of them will be placed next year: 
Orray T. Fraser, National Fireproofing Co., Perth Amboy, New Jersey 


1 Joyce Baldwin, Secretary. 
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George H. Garnhart, National Fireproofing Co., Cleveland, Ohio 

Leslie F. McConnell, Carborundum Company, Niagara Falls, New York 
Henry E. Marley, Kier Fire Brick Company, Pittsburgh, Pa. 

David W. Miller, Mellon Institute, Pittsburgh, Pennsylvania 

Marvin H. Pond, Olean Tile Company, Olean, New York 

Harold M. Rice, National Fireproofing Company, Perth Amboy, New Jersey 
Frederick M. Strate, Alfred University, Collegiate Work 

Stephen McK. Swain, Kier Fire Brick Company, Pittsburgh, Pa. 

Duane W. Dailey, Bradford Brick & Tile Company, Bradford, Pa. 


There are no changes in the Departments other than was reported before this 


year, 
Georgia School of Technology' 


About the only item of news that would be of interest to the readers of the Bulletin 
that we have to report is the research we are taking up in coéperation with the Central 
of Georgia Railway. 

One of the problems will be the dewatering of washed kaolins. In Georgia there 
is a belt of sedimentary kaolins extending across the state for a distance of approximately 
225 miles. This belt varies in width from 20 to 40 miles. 

These clays, contrary to general belief, vary considerably in composition and 
physical properties and are classified in hardness from the flint kaolin to the soft kaolin. 
The soft kaolin alone filter-presses easily. However the preponderance of our de- 
posits consists of what we classify as hard kaolin. The latter clays are not only more 
extensive but are more uniform in composition and color than the soft type. However, 
due probably to either the high colloidal content or the presence of free silicic acid, these 
clays do not filter-press easily. 

Therefore our problem will consist in finding suitable electrolytes to coagulate this 
material and thus permit it to be filter-pressed, and also to investigate the feasibility 
of the use of a continuous steam drum drier for dewatering the clay slip. This problem 
will also include the tabulation of the costs of the filter press method versus the steam 
drum method. Laboratory work will be conducted in our department and the practical 
work in one of the clay washing plants that has volunteered to coéperate with us. Since 
our sedimentary kaolins contain from 80 to 95% clay matter, we will also determine the 
advisability of the manufacturer of whiteware refining these clays at the factory, 
which would save the cost of dewatering the clays which is now done by our clay wash- 
ing plants. 

The second problem will be an investigation to determine the best methods of ob- 
taining a uniform blend of materials suitable for definite ceramic purposes. At the 
present time our clay washing plants are unable to deliver to the ceramic industry, 
materials that are uniform throughout any great length of time. 

A third problem will be an investigation to determine the adaptability of certain 
of our clays for the manufacture of saggers. Saggers not only must be able to resist 
the temperature but must not deteriorate on continued heating. Most saggers flake 
off, after repeated use, and, in adhering to the glazed ware, ruin hundreds of thousands 
of dollars worth of ceramic products annually. The work done so far on some of our 
clays indicates that they will to a large extent eliminate these difficulties. 

W. H. Vaughan, who receives his master’s degree in Ceramics this year from the 


University of Illinois, will join us June 15, to engage in this work. 


1A. V. Henry, Professor, Ceramic Engineering. 
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North Carolina State College’ 


1. No graduates. 

2. George Reed Shelton appointed Assistant Professor, effective Sept. 15, 
1925. Will handle classes in Glass, Cements, Whiteware and Enamels. Dr. Shelton 
comes from the University of Saskatchewan. 

3. Ceramic building and kiln laboratory expected to be ready for occupancy at 
beginning of next college year. 

4. Department will have 20 to 30 students next year. 

5. Enrollment in Ceramic Correspondence Courses has passed 100 and is steadily 
growing. 

6. Department has made a complete survey of the ceramic industries of the state 
in the past year and will complete a survey of the ceramic raw materials by July 1, 
1925. 


Ohio State University’ 


Prof. Arthur S. Watts, head of Ceramic Engineering at Ohio State University, 
announces the following additions to the teaching staff of that department 

John L. Carruthers, Assistant Professor of Ceramic Engineering. Samuel R. 
Scholes, Special Lecturer on Silicate Technology. Frank C. Westendick, In- 
structor in Ceramics. 

Mr. Carruthers is a native of Colorado but a graduate of Ceramic Engineering at 
Ohio State. He has had practical experience in Terra Cotta and in heavy clay products 
manufacture and for the past two and a half years he has been Ceramic Engineer of the 
Harrop Tunnel Kiln organization. He will bring to this department all the most mod- 
ern engineering knowledge in manufacture, drying and firing of ceramic wares. 

Dr. Scholes is a leading scientist in the field of glass technology and is chief chemist 
of the Federal Glass Company of Columbus. He received his doctor’s degree from 
Yale and was for several years Assistant Director of Mellon Institute of Industrial 
Research at Pittsburgh. Dr. Scholes has also had a wide experience in commercial 
glass manufacture and will by a series of lectures give to the students of ceramics a 
knowledge of the technology of silicates and glass manufacture not heretofore made 
available at Ohio State University. 

Mr. Westendick has been student assistant during the past year and is advanced 
to the position of instructor. He has specialized in the study of the physical properties 
of clays and will have this subject in his charge. 

James T. Robson who has been instructor in Ceramics for the past 6 years is 
leaving the department and will be attached to the Harrop Tunnel Kiln organization. 


University of Washington® 


M. E. Reynolds obtains his bachelor’s degree in ceramics this month. His thesis 
subject is, ‘A study of the casting properties of some refractory clays of Washington.” 
Mr. Reynolds is the eighth graduate from the ceramic department of the College of 
Mines to be actively engaged in ceramic work. 

Other ceramic research work was completed this quarter by graduate students. 
H. E. Brandebury, holder of a coéperative research fellowship in the College and the 
U. S. Bureau of Mines, completed his thesis on “A preliminary study of some high- 


1 A. F. Greaves-Walker, Professor, Ceramic Engineering. 
2 A. S. Watts, Professor, Ceramic Engineering. 
3 Hewitt Wilson, Professor, Ceramic Engineering. 
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temperature refractory oxides.’”’” C. E. Curtis, who obtains his master’s degree in 
chemistry, completed his thesis on, ‘‘The development of metal enamels using the felds- 
par, flint and quartz of Washington.”” Roland J. Clark, a ceramic graduate from the 
New York State School of Clayworking and Ceramics at Alfred University, has been 
appointed research fellow for the year 1925-26 and will report for work July Ist. J. R. 
Gednetz and Prof. Wilson will continue the research work on kaolin washing, white- 
ware pottery studies and refractories throughout the summer. A. S. Fahrenwald, 
metallurgist for the Bureau of Mines station at Moscow, Idaho, will act as consultant 
for the Seattle station in problems relating to kaolin and coal washing. Dean Milnor 
Roberts of the College of Mines will cover the states on the Pacific slope on a survey 
of possible sources of light weight building materials. During the spring quarter the 
upper-class ceramic students have made detailed inspection trips with reports on the 
plants of the Builders Brick Co., at Seattle; The Denny Renton Clay and Coal Co., 
at Renton and Taylor and the Northern Clay Co., at Auburn, Wash. 


VOCATIONAL CLASSES IN CERAMICS TO BE ESTABLISHED 


U. S. Potters Association and Ohio Ceramic Industries Unite in Work' 


There was a very good attendance at the meeting held jointly with the Managers, 
Superintendents & Foremen’s Forum at the East Liverpool Country Club the evening 
of May 22, 1925. The purpose of the meeting was to present the subject of Vocational 
Training in Ceramics to the School Board of East Liverpool, in the hope that definite 
action would be taken and a course instituted when school reopens in September. 

The School Board and representatives of the Trades and Labor Council and Na- 
tional Brotherhood of Operative Potters were guests at the meeting. Arthur S. Watts, 
who is Director of the Ceramic Engineering Department at Ohio State University, 
and Ross C. Purdy, Secretary of the AMERICAN CERAMIC SOCIETY, were also present. 

After a very excellent dinner, President Anderson introduced Joseph M. Well as 
toastmaster. Thomas A. Shegog, ceramic engineer of the Sebring Potteries, presented 
a paper on “Technical Education Methods,’’ with special reference to those in use in 
Europe. Mr. Shegog outlined the various kinds of schools, colleges, etc., used in teach- 
ing ceramics, with special reference to those in Germany and England. 

A. V. Bleininger presented a paper on “Technical Training in the United States,” 
with special reference toceramics. He briefly sketched the history of ceramic knowledge 
and ceramic education down to the present time, and touched upon the work of the 
night school he has been conducting in Newell, W. Va. 

E. L. Heusch, Supervisor Trades and Industries, Department of Education, Colum- 
bus, Ohio, made an address on ‘‘Vocational Training in Ohio.’’ He outlined the va- 
rious methods used to give this training in other industries in the state of Ohio, and ex- 
plained that no work of this sort had yet been done in ceramics. He also explained 
just what steps were necessary in order to secure state and federal funds to help the 
School Board of East Liverpool support such a school in ceramics. 

Jason H. Brooks, President of the East Liverpool Board of Education, made a short 
address, stating that the Board of Education was in sympathy with the movement, 
and would seriously consider such a course immediately. 

There was much interest shown in this movement, and it is the belief of the officers 
that this movement will be successful, as far as East Liverpool is concerned. East 
Liverpool was selected by the Executive Committee as the logical place to start the 


1W. Keith McAfee, Secretary-Treasurer. 
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movement, because ceramics is practically the sole industry of this district, and it was 
thought that, therefore, there would be a more general interest in ceramic education 
2 than a* any other point in the state. It is their purpose to extend this training as may 
i seem advisable. 
Those present were: 


The Carrollton Pottery Co., The Owen China Co., W. I. Pope, The East Liverpool, 
Potteries Co., The Colonial Co., Arthur S. Watts, Edwin Chetwin, J. M. Wells, The 
C. C. Thompson Pottery Co., DeWitt D. Irwin, Albert Bright, Thos. H. Cartwright, 
Harry Larkins, Thos. B. Anderson, Wm. J. Hall, Jr., W. Keith McAfee, John J. Orr, 
Frank Witherow, Thos. A. Bayley, J. H. Hepplewhite, R. V. Miller, Harry Jenkins, 
Wm. Watkins, H. J. McMasters, Ed. Carson, Albert Reidy, Bert Thorley, Hugh Meek, 
J. Frank Flower, Harry Deidrick, A. H. Aufderheide, Chas. Ashbaugh, H. R. Burson, 
C. A. Geisz, John Duffy, W. E. Geisz, J. T. Watkins, R. L. Baxter, C. F. Cannell, James 
Hall, Harry Bossen, Henry L. Koenig, A. V. Bleininger, C. G. Herbert, J. M. Davidson, 
T. A. Shegog, Smith Anderson, James Eardley, Enoch Faulkner, James Miles, W. L. 
Orms, Edward E. O’Neal, C. O. Bortner, Marion Shiveley, C. L. Pitcock, George W. 
Gosser, Theo. L. Koenig, John Pugh, O. N. Neal, J. D. Whitmer, E. Boardman, 
Samuel L. Earley, D. M. Cronin, Wm. Kress Cronin, C. A. Goodballet, Chas. F. 
Goodwin, J. M. Manor, Fred Schmid, J. B. Elliott, School Board Supt. and Clerk, 
J. C. Higgins, Will T. Blake, James Sexton, The Crescent China Co., C. T. 
Walker, J. W. Peckham, Ross Purdy, E. L. Heusch, Wm. Frost, I. A. Kruson, C. J 
Kirk, W. E. Rice, P. D. Helser. 


AN IMPORTANT COMPETITION 

The Art-in-Trades Club! of New York announces a competition which, it is believed, 
will stimulate creative effort on the part of American designers, architects and manu- 
facturers. 

The program of this competition includes two projects—one the decoration and 
furnishing of two rooms at a cost estimated to be within the resources of a family with 
a yearly budget of $6000; and the decoration and furnishing of three rooms at a cost 
deemed appropriate for a family having an income of $30,000 or more. 

Direct copies of old styles or obvious imitations of old designs will be barred from 
consideration. On the other hand, it is emphasized that the purpose of the competition 
is not to encourage the submission of eccentric or sensational in treatment, but rather 
to encourage the creation of designs that, while recognizing our present traditions, will 
carry forward the expression of these traditions into new and pleasing forms, suited 
for American homes. ‘ 

The prizes will be $1250 for the design considered most successful by the jury 
° for each of the two rooms involved in Suite A; and $1500 for the most successful design 

for each of the three rooms involved in Suite B. The two prizes offered for Suite A 

may be awarded to a single competitor or to two different competitors; those for Suite ; 
B to single competitor, or for two rooms to one competitor and the third room to another, 

or for the three rooms to three different competitors. A jury of five members appointed 

by the Art-in-Trades Club will pass upon the drawings and announce the awards on 

Oct. 15, 1925. 

In announcing this competition the Club expressed the belief that “the initiation 
of such a movement in the near future was essential to the healthy well-being and prog- 
ress of American industrial art.’’ Continuing as follows: “‘The psychological moment 
for the inauguration of such a movement seems to be upon us. With the coming of 


1 The American Magazine of Art, June 25. 
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the great Exposition of Modern and Decorative and Industrial Art in Paris this summer, 
at which the United States will not be represented because we have not yet developed 
material suitable for display in the new spirit, the time is ripe for an awakening of our 
own efforts.’’ It is for this reason that the competition is instituted. 

Copies of the program of this competition may be obtained by addressing the 
Secretary of the Exhibition Com. of the Art-in-Trades Club, 34 East 38th St., New York 
City. 

The Art-in-Trades Club previous to this time has held three annual exhibitions of 
interior decorative art in New York at the Waldorf-Astoria, at which they have brought 
together, in a series of twenty or more furnished rooms, examples of original wall cover- 
ings from France and England, antique furniture, and fine specimens of modern crafts- 
manship, both from original designs and in reproductions, together with rooms de- 
signed by present day decorators. 

1“From an aesthetic point of view, no other exhibition can excel that of Louisiana. 
And the chief charm of the whole exhibit, from this point of view, is the exquisite 
Newcomb Pottery—vases and bowls, all with a background of blue, and patterns of 
Southern flowers and vines in relief and color. The placard of the exhibit explains that 
this ware was developed in the Newcomb School of Art, that it rapidly became famous 
and has taken several prizes. That it should take prizes and be famous is easy to be- 
lieve; one would like to buy enough to put at least one piece in every room in the house. 
But like all gems, Newcomb Pottery comes high.”’ 


THE CERAMIC SOCIETY OF ENGLAND 


A recent membership list of the Ceramic Society of England at the end of last 
Session totalled 676 members, made up as follows: 


Honorary members. 6 
Collective members 98 
Individual members 557 
Student members 15 


The present Session opened with a meeting of the Refractory Materials Section at 
Wembley, when the following papers were read and discussed: 

‘‘A Comparison of Gas and Coke Fired Drying Stoves together with a Description 
of the Construction and Operation of the Hiittenes Coke Fired Air Blown Furnace,” 
by T. W. Barley. ° 

‘“‘Some Properties of Clay Sillimanite Mixtures,’’ by H.S. Houldsworth. 

“The Influence of Exposure on the Chemical and Physical Properties of Certain 
Fireclays,’’ by W. Hugill and W. J. Rees. 

“On the Action of Heat on Kaolinite and Kaolinitic Clays,’’ by W. Vernadsky. 

‘“‘Alumina-Silica Minerals in Firebricks,’”’ by W. J. Rees. 

“The Action of Heat on Kaolinite and Other Clays,’’.Part II, by J. W. Mellor 
and A. Scott. 

“X-Ray Investigation of Clays and Other Ceramic Substances. Researches into 
the Application and the Practical Value of the Method,”’ by Assar Hadding. 

**Note on the Storage of Silica, Refractories,’’ by W. J. Rees. 

“The True Specific Gravity and After Expansion of Lime-bonded Silica Bricks,” 
by W. j. Rees. 


' The Manufacturers Record, May 21, 1925. 
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“A Rapid Method for the Determination of True (or Powder) Specific Gravity,”’ 
by W. Hugill and W. J. Rees. 

This meeting was followed by the usual monthly meetings at Stoke-on-Trent when 
the following papers were given: 
October. 


“Some More Experience upon the Dorr Mill and Some Notes about Swedish Feld- 
spar Industry,”’ by A. S. W. Odelberg. 


November. 

“Pinholes and Some Other Things,”’ by Harold J. Plant. 
December. 

“Notes on Crushing and Grinding Mills,” by F. Lane. 
January 

“Question Box,’’ by various authors. 
February. 


“Tile Dipping Machines,” by C. Reynolds. 
“Visit to the Osmosis Plant at Karlsbad,” by S. R. Hind. 


Marc h. 
“Dust Counting,’’ by E. L. Middleton. 
April. 


“‘A Note on Whieldon Pottery,” by W. Emery. 
““A Note on Frit Kilns,”’ by S. R. Hind. 


BUREAU OF MINES TRANSFER ORDERED BY THE PRESIDENT 


Transfer. of the Bureau of Mines and the Mineral Statistics Division of the Geo- 
logical Survey from the Department of the Interior to the Department of Commerce 
was made in an Executive order issued by President Coolidge. 

The transfer is made in the interest of more efficiency and economy, and was 
recommended by Secretary Work of the Interior Department more than a year ago 

The Bureau of Mines is the second to be transferred by Executive order from the 
Interior Department to the Department of Commerce. The first was the Patent Office. 
That transfer also was recommended by Secretary Work, who has given much attention 
to the reorganization of the Government departments to prevent duplication of work and 
more efficient and economical administration. 

The appropriation for the Bureau of Mines, amounting to about $2,000,000 is also 
transferred to the Department of Commerce, together with the equipment of the bureau 

Two offices of the Bureau of Mines will remain under the Interior Department, those 
engaged in coal, oil and other mineral land leasing work. 

The research laboratories in the Department of Commerce carry on investigation 
into the quality of materials for manufacture of porcelain, whereas the Bureau of Mines 
laboratories carried on research into raw materials for porcelain manufacture. The 


Department of Commerce laboratories carry on investigation into the qualities of fuel, 
whereas the Bureau of Mines laboratories tested fuel as to its qualities. The Depart- 
ment of Commerce contains a division for service in domestic distribution and foreign 
trade in mineral products, the Bureau of Mines carried on work of economic character 
of much the same implication. The Department of Commerce provides statistics 
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of mineral production every 10 years, in some cases every two years, whereas the De- 
partment of the Interior provides statistics of mineral production every year and in 
many cases every month. 

While by constant adjustment conferences and the appointment of coéperative 
committees a considerable amount of the actual duplication has been eliminated during 
the past four years, nevertheless such duplications cannot be eliminated and the con- 
fusion of citizens in dealing with different Government departments for different pur- 
poses cannot be planned out unless single-headed authority is given for functions having 
the same general major purpose. 

Over a year ago it was recommended to the joint committee on reorganization of the 
executive departments that the Bureau of Mines should be placed in the Department 
of Commerce. The transfer made today presages action by the Congress and opens the 
way for the transfer to the Department of the Interior of bureaus from other executive 
branches of the Government administering public lands and public works, as recom- 
mended by this committee. H. Foster Bain has recently resigned as director of the 
Bureau of Mines. His successor will be appointed by the President under the law. 
Undoubtedly, however, the appointment will be made on the advice of Secretary Hoover, 
under whom the Bureau will now come. 


TEN YEARS OF INDUSTRIAL AND SCIENTIFIC EFFORT (1914-24) 

The last ten years have seen prodigious efforts exerted in the domains of scientific 
and industrial chemistry. 

The volume ‘‘1914—1924’’ which the ‘‘Societe de Chimie Industrielle”’ is preparing 
to publish, brings these into relief for all the specialties of applied chemistry. It will 
establish equally the economic balance of each of the industries of France connected 
with chemistry and will present the development in the colonies of the production 
of raw materials needed in these industries. 

This important work will present voluminous reports prepared by persons com- 
petent in the world of Science and Industry. There will be nearly 3000 pages of quarto. 
Subscription is now open at 120 francs until June 1925. After that the price will be 
200 frances. 

Subscriptions will be received by La Societe de Chimie Industrielle, 49 Rue des 
Mathurins, Paris. 


THE CARBORUNDUM RADIO DETECTOR UNIT 


Another chapter has been written in the romance of carborundum. The Carbo- 
rundum Detector Unit is of the cartridge type and is made with carborundum specially 
manufactured and tested for radio use exclusively. It is fixed and permanent; no ad- 
justments are necessary. It remains sensitive indefinitely and will not burn out. It 
makes possible a sharper tuning, the reception of clear true tones, greater selectivity 
and greater volumn and distance on any properly coustructed reflex or crystal set. 
It can be used in place of a detector tube with splendid results. 


SILLIMANITE MINE DISCOVERED IN INDIA 
A mine containing unlimited quantities of sillimanite, the best refractory material 
known, has been discovered in India and the right to work it has been acquired by Henry 
A. Golwynne, New York importer of chemicals, it is announced by Mr. Golwynne’s 
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office, 26 Cortlandt Street. Mr. Golwynne intends to import the mineral in large 
quantities to the United States, and one test shipment is already on the way. 

The mine is about 100 miles from Calcutta and within two or three miles of a rail- 
way. The extraction costs are small, for the ore lies on the surface of the ground in 
tremendous boulders, some of them as much as 100 yards wide and 100 yards long. 

This is the first deposit of sillimanite in large quantities to be discovered. The 
mineral has long been greatly desired by all users of refractory materials. Industrial 
engineers have long recognized the extremely great value of sillimanite as a refractory 
material. According to the Chemical Trade Journal of London, “Sillimanite has many 
valuable properties which render it suitable for use as a refractory material among 
which are strength and toughness, a high melting point (1810° C) and stability at that 
temperature, low coefficient of expansion, low electrical conductivity, freedom from 
volume changes, neutral reaction and resistivity to corrosive slags and to oxidizing and 
reducing condition.” 

According to the Chemical Trade Journal and Chemical Engineering, London, bricks 
made of natural sillimanite have been recently tested in England with great success. 
They have been used in Babcock-Wilcox boilers, and it was found that after having been 
brought to 2 temperature which would completely melt other types of refractories, the 
sillimanite bricks remain in virtually perfect condition. 


A FRIENDLY CRITICISM! 


Ceramic Education 


A period of anniversaries goes by and a month does not pass but that a centenary is 
announced; the ‘“‘weeks”’ follow one another, the speeches resound and are repeated by 
all the echoes, singing the praises of the modest pioneers who were always at the origin 
of great industries. 

After the centenary of Portland cement in the course of which we were apprised 
that the small mason Aspdin had had the idea in 1824 to patent under the name now 
become universal the product that Vicat had invented in 1818, now the University of 
Columbus (Ohio) has consecrated the ‘“‘week” of 15th to 21st of February to celebrate 
the thirtieth anniversary of the organization of schools of ceramics or of the courses of 
this industry taught in different colleges of the United States. 

In the course of this manifestation they did not fail to call attention to the efforts 
of Herman A. Seger in Germany and of Karl Langenbeck in America to put the industry 
of ceramics on the basis of a true science. But the part taken by Edward Orton, Jr. 
was also made evident in the development and in the systematic application of scien- 
tific methods recommended by his seniors, and which facilitated the discovery of new 
machines, new processes of treatment and mixtures of materials with a view to improve 
the production, to render it more economical and more fruitful. 

If it is undeniable that the efforts which Orton made thirty years ago are of para- 
mount interest, it is very probable if the old archives of Sévres, Vierzon, Limoges or 
elsewhere, were dug into, that it would also be possible to organize here (in France) a 
“‘week’’ in the course of which there would be discovered a savant or even a simple 
brickmaker whose works would have been the basis of the ceramic industry in France 


and perhaps abroad as well, 


1 This notice appeared recently in Revue Materiaux Construction Travaux Publiques, 
published in Paris, France. Translated by Louis. Navias. 
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CALENDAR OF CONVENTIONS 


Organization 
Am. Assn. Advancement of Science 
Am. Assn. of Flint and Lime Glass 
Mfrs. 
AMERICAN CERAMIC SOCIETY 
(Annual Meeting) 
(Summer Meeting) 
(Fall Meeting) 
. Electrochemical Society 
. Engineering Council 
. Foundrymen’s Association 
. Gas Association 
. Inst. of Min. and Met. Engineers 
. Soc. of Mechanical Engineers 
. Zinc Institute 
Assn. Iron and Steel Elec. Engineers 
Coal Mining Institute of America 
Common Brick Manufacturers Assn. 
Institution of Chemical Engineers 
Mining and Met. Society of America 
Natl. Association of Martufacturers 
Natl. Exposition of Power and Me- 
chanical Engineers 
Natl. Exposition of Chem. Industries 
Natl. Paving Brick Mfrs. Assn. 
Natl. Safety Council 
Optical Society of America 
Sand-Lime Brick Association 
Soc. of Chem. Industry 
Natl. Society for Vocational Education 
Natl. Exposition of Coal Mining Ma- 
chinery 


Date 
Dec. 28—Jan. 2 


July, 1925 


Feb. 8-13, 1926 
July 4-11, 1925 
Oct. 1, 1925 
Sept. 24-26, 1925 
Jan., 1926 

Oct. 5-9, 1925 
Oct. 12-16, 1925 
Aug. 31—Sept. 5, 1925 
Nov. 30—Dec. 3 
April 27-28, 1926 
Sept., 1925 

Dec. 9-11, 1925 
Feb., 1925 

July 13-16, 1925 
Jan. 12, 1925 
Oct. 26-28, 1925 


Nov. 30—Dec. 5 

Sept. 28-Oct. 3 

Jan., 1926 

Sept. 28-Oct. 2 

Oct., 1925 

Feb. 9-15, 1926 

July 13-17, 1925 
Dec. 3-5, 1925 


Dec. 2-5, 1925 


Place 
Kansas City, Mo. 


Atlantic City, N. J. 


Atlanta, Ga. 
Toronto, Canada 
New York City 
Chattanooga, Tenn. 


Syracuse, N. Y. 
Atlantic City, N. J. 
Salt Lake City, Utah 
New York City 

St. Louis, Mo. 
Philadelphia, Pa. 
Pittsburgh, Pa. 


Leeds, England 
New York City 
St. Louis, Mo. 


New York City 
New York City 


Cleveland, O. 
Ithaca, N. Y 
New Orleans, La. 
Leeds, England 
Cleveland, Ohio 


Cincinnati, O. 
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LARGE CANADIAN ENAMELING PLANT 
USING BATTERY OF 
S. ROTARY ENAMEL SMELTING FURNACES 


Tae SHEET METAL PropuctTs Co. 


STEEL COPPER AND ALUMINUM wares 


TORONTO, Sovember 22n4.1924 


The U.s. Purnace Co. 
Belle 
Mi. 


Gentlemen:- 


Please quote as on Linings for #4 8B 
bave using your Smelting Purmaces to 

very vantage for some years 

45 Proguet if fri for ered led Years of 

Ceres, and saving able in leboar they bave Efficient Service 

found very efficient and we are to make this an 
of efvie you that they heve been « valuable 
to an up to date Plant. 

Very Uniform 

Frits at a Saving 
THE SEBST METAL PRODUCTS CO. OF LIMITED in Fuel, Labor 


and Time 


Yours very traly, 


A Valuable 
Addition 


SIZES AND CAPACITIES 


No. 1 No. 2 No. 3 No. 4 No. 4-B 
60 Ib. 150 Ib. 350 Ib. 750 Ib. 1200 Ib. 


Description, Photographs, Specifications and Prices Mailed Promptly. 


THE U. S. SMELTING FURNACE CO. 


BELLEVILLE, ILLINOIS, U. S. A. 


(When writing to advertisers, please mention the JOURNAL) 


JOURNAL OF THE 
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Air Compressors 
General Electric Co. 


Alumina (Hydrate and Calcined) 
Pennsylvania Salt Mfg. Co. 


Alundum (Refractory Products) 
Norton Co. 


Auger Machines 
Chambers Brothers Co. 


Automatic Brick Machinery 
Lancaster Iron Works, Inc. 


Automatic Cutters 
Chambers Brothers Co. 


Automatic Stove Rooms 
Philadelphia Drying Machinery Co. 


Automatic Temperature Control 
Brown Instrument Co. 
Engelhard, Chas., Inc. 
Leeds & Northrup Co. 


B 


Ball Mills 
Hardinge Co. 
McDanel Refrac. Porcelain Co. 
Mueller Machine Co., Inc. 


Batts (Alundum-Crystolon) 
Norton Co. 


Bitstone 
Potters Supply Co. 


Bituminous Coal 
Seaboard Fuel Corp. 


Blocks (Refractory) 
Norton Co. 


Boats, Combustion 
Norton Co. 


Borax 
American Trona Corp. 
Innis, Speiden & Co. 


Boric Acid (Cegetal, Granular or Powder) 
American Trona Corp. 
Innis, Speiden & Co. 


Brick Making Machinery 
Chambers Brothers Co. 


Bricks (Refractory-Alundum-Crystolon) 
Norton Co. 


Burners (Oil) 
Best, W. N. Corp. 


Cars (Clay) 
Lancaster Iron Works, Inc. 


Carbonates (Barium-Lead) 
Innis, Speiden & Co. 
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Caustic Soda 
Pennsylvania Salt Mfg. Co. 


Cements 
Norton Co. 


Ceramic Chemicals 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Metal & Thermit Corp. 
Paper Makers Importing Co., (Inc.) 
Roessler and Hasslacher Chemical Co. 
Titanium Alloy Mfg. Co. 
Vitro Mfg. Co. 


Ceramic Plant Equipment 
Ceramic Engineering Co. 
Chambers Brothers bo. 
Mueller Machine Co., Inc. 
Philadelphia Drying ‘Machinery Co. 
Proctor and Schwartz, Inc. 


Clay (Ball) 
Paper Makers Importing Co. 
Potters Supply Co. 
United Clay Mines Corp. 


Clay (China) 
Drakenfeld and Co., B. F. 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
Roessler & Hasslacher Chemical Co 
United Clay Mines Corp. 


Clay (Electrical— Porcelain) 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
United Clay Mines Corp. 


Clay (Enamel) 
Edgar Brothers Co. 
Paper Makers Importing Co. 
Metal & Thermit Corp. 
United Clay Mines Corp. 
Vitro Mfg. Co. 


Clay (Fire) 
Edgar Brothers Co 
Paper Makers Importing Co., (Inc.) 
Potters Supply Co. 
United Clay Mines Corp. 


Clay 
Paper Makers Importing Co. 
United Clay Mines Corp. 


Clay (Sagger) 
Edgar Brothers Co. 
Paper Makers Co., (Inc.) 
Potters Supply 
United Clay Corp. 


Clay Cleaning Machinery 
Lancaster Iron Works, Inc. 
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Yes, we will be at 


| The Chemical Show 


Newark Wire Cloth resists chemi- 
cal action as well as wear. Whatever 
the chemical, we usually have a metal 
cloth that will resist it. Newark Wire 
Cloth is made of all malleable metals. 


At the Chemical Show we will 
exhibit typical examples of Newark 
Wire Cloth. We will demonstrate: — 

1—The accurate spacing; 

2—The uniformly exact wire 


diameter used; 

TENTH 
EXPOSITION 3—The many metals; 
CHEMICAL 4—The wide variety of pur 
INDUSTRIES for which Newark Wire Cloth 


AMERICAS MOST IMPORTANT 
INDUSTRIAL EXPOSITION 


is used. 


; NEWARK WIRE CLOTH CO. 
355-369 Verona Ave., Newark, N. J. 


Booth No. 82 66 Mass. 


THREE ELEPHANT BORAX 


99.5% Pure 


We also make Boric Acid, guaranteed 99.5% pure. 
Write us for specifications and price 


AMERICAN TRONA CORPORATION 


WOOLWORTH BLDG. NEW YORK CITY 
Quality Uniformity Service 
LUSTERLITE ENAMELS 
Manufacturers 


FURNACES - - SPEED FORKS - - ENAMELS 
Complete Enamel Shop 
Supplies & Equipment 
STOCK CARRIED 


Chicago Vitreous Enamel Product Company 
1407-47 S. 55th Court, Cicero, IIl., U. S. A. 
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Ciay Handling Machinery Crucibles (Filter-Melting-Igniti 
Hadfield-Penfield Steel Co. Co. 
Mueller Machine Co., Inc. Potters Supply Co. 


Clay Miners Crushers 
Edgar Brothers Co. Chambers Brothers Co. 
Paper Makers Importing Co., (Inc.) Hadfield-Penfield Steel Co. 
United Clay Mines Corp. Hardinge Co. 
Lancaster Iron Works, Inc. 
Clay Storage Systems Mueller Machine Co., Inc. 
Lancaster Iron Works, Inc. 


Clay (Wad) 
Paper Makers Importing Co., (Inc). D 
Potters Supply Co. 


United Clay Mines Corp. 


Drakenfeld and Co., B. F. 
Clay (Wall Tile) ‘ Harshaw, Fuller and Goodwin Co. 
Paper Makers Importing Co., (Inc). Roessler and Hasslacher Chemical Co. 
United Clay Mines Corp. Vitro Mfg. Co. 


Clay Washing Machinery Discs (Alundum-Porous-Filter) 
Mueller Machine Co., Inc. Norton Co. 


Clay Working Machinery 
Hadfield-Penfield Stee! Co. 
Mueller Machine Co., Inc. 


Cloth (wire) Disintegrators 
: Chambers Brothers Co. 
Wire Chath Ge. Hadfield-Penfield Steel Co. 
neaster Iron Works, Inc. 
Gen. Mueller Machine Co., Inc. 


Colors Dolomite 
Drakenfeld and Co.. B. F. Innis, Speiden & Co. 
Harshaw, Fuller and Goodwin Co. 


Innis, Speiden & Co. 

Roessler and Hasslacher Chemical Co. Dryers (China Ware—Porcelain) 

Vitro Mfg. Co. Philadelphia Drying Machinery Co. 
Proctor and Schwartz, Inc. 


Machinery 
Philadelphia Drying Machinery Co. Dryers (Steam Pipe Rack) 
Proctor & Schwartz, Inc. Lancaster Iron Works, Inc 


Cones (Filter) 
Norton Co. Drying Machinery 
Philadelphia Drying Machinery Co. 
Conical Mills Proctor and Schwartz, Inc 


Hardinge Co. 


Controllers 
General Electric Ce. E 


Conveyors (Belt) (Cable) 


Lancaster Iron Works, Inc. Electrical Instruments 


Conveyors (Clay, Sand, Brick, etc.) 
Hadfield-Penfield Steel Co. Leeds & Northrup Co. 
Philadelphia Drying Machinery Co. 


Electric Coz: Meters (Recorders) 


- Brown Instrument Co. 
Controllers, (Automatic Temperatures) ~ 
Brown Instrument Co. Engelhard, Chas., Inc. 
Engelhard. arles, Inc. 
Electrical Porcelain Machinery 
Leeds & Northrup Co. Mueller Machine Co., Inc. 


Cores (Alundum Furnace) 
Norton Co. Enameling Equipment, Complete 
Chicago Vitreous Enamel Product C 
Cornwall Stone Ferro Enamel Supply Co. 
Pennsylvania Pulverizing Co. The Porcelain Enamel & Mfg. Co. 
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Good Clay From Any Clay Bank 
With The Lancaster Clay Cleaner 


Every practical clay worker and clay 
roducts manufacturer knows that “the 
tter the preparation of the clay, the 

better the product will be.” 

The Lancaster Clay Cleaner meets a vital 

need by making it possible to have clean 


After an exhaustive study o 


Li 


clay from any pit. It removes completely and 
quickly limestone pebbles and all other lumpy 
impurities. It insures—as far as the clay is 
concerned—a perfect clay product free from 
cracks and check marks. me are the out- 
standing features of the Clay Cleaner: 
i—It completely removes all large stones 
and pebbles from clay. Smaller pebbles 
or stones are crushed to a powder by 
the smooth rolls. 
2—lIts pug mill produces a continuous re- 
stricted feed of clay at high velocity. 
3—It redresses its own rolls, insuring their 
rfect condition at all times. 
4—lIt insures finished products of better 
quality. 
Let Lancaster Engineers help solve your 
clay preparing problems. 
Full particulars furnished on request. 
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Enameling Furnaces 
Chicago Vitreous Enamel Product Co. 
Combustion Utilities Corp. 
Ferro Enamel Supply Co. 
General Electric Co. 
Holcroft & Co. 
Surface Combustion Co. 
The Carborundum Co. 
(Carboradiant) 
The Porcelain Enamel & Mfg. Co. 
U. S. Smelting Furnace Co. 
Vitro Mfg. Co. 


Enameling Furnaces (Electric) 
General Electric Co. 


Enameling Muffies 
Parker-Russell Mining & Mfy. Co. 
The Carborundum Co. 
(Carbofrax) 


Enameling, Practical Service 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Enamels, Porcelain 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Engineering Service 
Chambers Brothers Co. 
Hadfield- Penfield Steel Co. 
Tefft, C. Forrest 


Equipment (Porcelain Enameling) 


Chicago Vitreous Enamel Product Co. 


The Porcelain Enamel & Mfg. Co. 


Extruding Machines (Lab. Use) 
Chambers Brothers Co. 


F 


Feldspar 
Drakenfeld and Co., B. F. 
Eureka Flint & Spar Co. 
Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. (Jsco) 
Maine Feldspar Co. 
Pennsylvania Pulverizing Co. 
Roessier & Hassiacher Cluiemical Co. 


Filtering Machinery 
Mueller Machine Co., Inc. 


Fire Brick 
Parker-Russell Mining & Mfg. Co. 
The Carborundum Co. 


Flin 


t 

Eureka Flint & Spar Co. 
Innis, Speiden & Co. (Carrara) 
National Silica Co 
Pennsylvania Puiverizing Co 


Frit 
Ferro Enamel Supply Co 
Porcelain Enamel.& Supply Cu. 
Vitro Mfg Co. 


Fuel 
Seaboard Fuel Corp. 


Furnaces 
Chicago Vitreous Enamel Product Co. 
Ferro iinamel Supply Co. 
Holcroit & Co, 
Parker-RKusseli Mining & Mfg. Co. 
The Carborundum Co. (Carboradian!) 
The Porcelain Enamel & Mig. Co. 
The Surface Combustion Co. 
U.S. Smelting Furnace Co. 


Furnaces (Electrical) 
Engelhard, Chas., Inc. 
General Electric Co. 
Holcroft & Co. 


G 


Glazes and Enamels 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Granulators 
Lancaster Iron Works, Inc. 


Gold 
Drakenfeld, and Cu., B. F. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


H 


Hearths 
The Carborundum Co. 
(Carbofrax heat treating) 


Hygrometers (Electric) 
Engelhard, Chas., Inc. 


I 


Impervite (Refractory and Hard Porcelain) 
Engelhard, Charles, Inc. 


Infusorial Earth 
Innis, Speiden & Co. 


Iron (Enameling) 
American Rolling Mill Co. 
The Mansfield Sheet & Tin Plate Co. 
United Alloy Steel Corp. 


(When writing io advertisers, please mention the JOURNAL) 
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ingot iron 


Valuable Facts About 


ARMCO Ingot Iron Enameling Stock 


HAS velvety surface that grips and holds enamel. 


Virtually degasified. Minimizes possibilities of blistering 
and warping. Reducing cull loss. 


Gives greater assurance of smooth surface after enameling. 


Every piece must pass rigid inspection system—must 
reach fixed quality standard before permitted to leave 
mills. 


Unequalled for producing uniform results year after year. 
Adds to quality and improves appearance of finished 
product. 


Many far-sighted manufacturers identify the commercially 
pure iron they use by putting the ARMCO label on fin- 
ished products. 


Retailers and buying public look upon this label as mark 
of lasting quality, just as manufacturers look upon the 
ARMCO triangle as a mark of economy in manufacturing. 


THE AMERICAN ROLLING MILL COMPANY 
MIDDLETOWN, OHIO 


(EXPORT) 
The ARMCO International Corp. Cable Address—ARMCO, Middletown 


THE AMERICAN ROLLING MILL CO., Middletown, Ohio. 
Here’s a chance 


to cut manu- Tell me how I can save money by using ARMCO Ingot Iron for 
facturing costs enameling. 

with a better 
grade of base 


metal. Company Name 


Address 


(Am, Ceramic Jour’]—July, 1925) 
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Jiggers Oil Burners 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. Ban, W. Carp. 


Opacifiers 
K Titanium AHoy Mfg. Co. 


Kaolin 
Edgar Plastic Kaolin Co. 1c 
Harshaw, Fuller and Goodwin Co. ——— 
Roessler & Hasslacher Chemical Co. 
United Clay Mines Corp. Oxides 
Drakenfeld and Co., B. F. 
s Harshaw, Fuller and Goodwin Co. 
Holcroft & Co. Innis, Speiden & Co. 
Metal & Thermit Corp. 
Kiln Castings Paper Makers ange ag (Inc.) 
Lancaster Iron Works, Inc. Pennsylvania Salt Mfg. C 
: Roessler and Hasslacher Chemical Co 
Kryolith : Titanium Alloy Mfg. Co. 
Pennsylvania Salt Mfg. Co. Vitro Mfg Co. 


Lehrs (electric) 
General Elec. Co Pans (Wet and Dry) 
Chambers Brothers Co. 
Linings (Furnace-Refractory Block-Refrac- Hadfield-Penfield Steel Co. 
ae _— Brick and Tile) Mueller Machine Co., Inc. 
The Carborundum Co. 
Pebble ‘Mills 
Hadfield-Penfield Steel Co. 
Hardinge Co. 


Mogren Speiden & Co. Mueller Machine Co., Inc. 


Manganese Pins 
y-Grade Manganese Co. Potters Supply Co. 


Metals (Porcelain Enameling) 
American Rolling Mill Co. Placing Sand . 
The Mansfield Sheet & Tin Plate Co. Pennsylvania Pulverizing Co. 
United Alloy Steel Corp. National Silica Co. 


United Clay Mines Corp. 
Mille (See under 
(See under Pebble Mills) Plate Feeders 


Minerals Chambers Brothers Co. 
ne rakenfeid and Co., B. F. Hadfield-Penfield Steel Co. 


Harshaw, to and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. P 


Mixing Machines 
Chambers Brothers Co, Porcelain Beameling Service, Practical 
icago Vitreous Enamel Product Co. 
Moulds Ferro Enamel Supply Co. 
Lancaster Iron Works, Inc. The Porcelain Enamel & Mfg. Co. 
Muffies (Furnace) 
Norton Co. 
The Carborundum Co. (Carbofrax ) Porcelain Enamels 
Chicago Vitreous Enamel Product Co 
Muriatic Acid - The Porcelain Enamel & Mfg. Co. 
Harshaw, Fuller and Goodwin Co. Vitro Mfg. Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 


Pottery Machiner 


Nitrates (Cobalt, Sodium) Hadfield- Penheld Steel Co, 
Innis, Speiden & Co. Mueller Machine Co., Inc, 


Potash (Carbonate) 
Innis, Speiden & Co. 


(When writing lo advertisers, please mention the JOURNAL) 
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_ Paper Makers Importing Co., Inc. 
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Pug Mills 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co, 
Lancaster Iron Works, Inc. 
Mueller Machine Co., Inc. 


Pulverizing Machinery 
Hadfield- Penfield Steel Co. 
Hardinge Co. 

Mueller Machine Co., Inc. 


Pulverizing Mills 
Hadfield-Penfield Steel Co. 
Hardinge Co. 

Mueller Machine Co., Inc. 


Pumps 
Mueller Machine Co., Inc. 


Pyrometers (Indicating) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 


Pyrometers (Recording) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 


Pyrometer (Switches) 
Brown Instrument Co. 
Engelhard, Chas., Inc. 
Leeds & Northrup Co. 


Pyrometer Tubes (Refractory and Hard 
Porcelain) 
Brown Instrument Co. 
Engelhard, Charies, Inc. 
Leeds & Northrup Co. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 


R 


Recording Instruments 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 


Recuperators 
The Surface Combustion Co. 


Refractories 
The Carborundum Co. 
Norton Co 
United Clay Mines Corp. 


Refractory Materials 
Parker-Russell Mining & Mfg. Co. 
United Clay Mines Corp. 


Regulators (Automatic Temperatures) 
Brown Instrurrent Co, 
Engelhard, Charles, Inc. 

Leeds & Northrup Co. 


Saggers 
The Carborundum Co. 
Norton Company 
Potters Supply Co. 


Sagger Presses 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 
Watson-Stillman Co. 


Screens 
Newark Wire Cloth Co. 


Selenite of Sodium 
Drakenfeld and Co., B. F. 
Vitro Mfg. Co. 


Shippers (Coal) 
Seaboard Fuel Corp. 


Silica Brick 
Parker-Russell Mining & Mfg. Co. 


Silex Lining 
Hardinge Co, 


Sillimanite (Synthetic) 
Norton Co. 


Slabs (Furnace) 
Norton Co. 


Smelters 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
Parker-Russell Mining & Mfg. Co. 
The Surface Combustion Co. 
U. S. Smelting Furnace Co. 


Soda Ash 
Innis, Speiden & Co. 


Sodium Antimonate 
Metal & Thermit Corporation 
Vitro Mfg. Co. 


Sodium Fluoride 
Innis, Speiden & Co. 


Spar 
Eureka Flint and Spar Co. 
Maine Feldspar Co. 
Pennsylvania Pulverizing Co. 


Spurs 
Potters Supply Co. 


Stacks 
Lancaster Iron Works, Inc 


Stilts 
Potters Supply Co. 


Sulphuric Acid 
Drakenfeld and Co., B, F. 
Harshaw, Fuller and Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
R ler and Hasslacher Chemical Co. 


(When writing to advertisers, please mention the JOURNAL) 
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Special for Glassmakers and Potters i 


GREEN 
OXIDE OF CHROME 


in variety of shades 


Guaranteed to contain no Free Sulphur 


nor Sulphides 


B. F. DRAKENFELD & CO., INC. 


50 Murray Street, New York 


(When writing to advertisers, please mention the JOURNAL) 
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Tachometers 
Brown Instrument Co. 


Talc 
Innis, Speiden & Co. 


Tanks 
Lancaster Iron Works, Inc. 


Temperature Instruments (Measuring) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 

Leeds & Northrup Co. 


Thermocouples 
Brown Instrument Co. 
Engelhard, Chas., Inc. 
Leeds & Northrup Co. 


Thermometers (Electric Resistance) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 

Leeds & Northrup Co. 


Thimbles (Filtering Extraction) 
Norton Co. 


Tile Machinery (Floor and Wall) 
Mueller Machine Co., Inc. 
Tin Oxide 
Metal & Thermit Corp. 


Titanium 
Titanium Alloy Mfg. Co. 


Tubes (Insulating) 
Engelhard, Chas., Inc. 


McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 


Tubes (Pyrometer) 


Brown Instrument Co. 

Engelhard Charies, Inc. 

Leeds & Northrup Co. 

McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 


Mueller Machine Co., Inc. 


Ww 


Chicago Vitreous Enamel Product Co. 
The Porcelain Enamel & Mfg. Co. 
Ferro Enamel Supply Co. 

Vitro Mfg. Co. 


Vacuum Pumps 


Wet Enamel 


iting 
Drakenfeld and Co., B. F 


Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co. 


Winding Drums 


Lancaster Iron Works, Inc. 


Witherite 


Innis, Speiden & Co. 


Z 


Titanium Alloy Mfg. Co. 
Vitro Mfg. Co. 


Zirconia 


(When writing to advertisers, please mention the JOURNAL) 
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WILKINSON COUNTY 


“The Center of Kaolin Production in Georgia’”’ 


WILKINSON County ro- 
duces 65% of the clays 
mined in Georgia. Deposits here 
are sufficient to supply the needs of 
the fire brick, face brick, whitewares, 
oil cloth, rubber, paper and other 
industries for the next 600 years. 
There is a variety great enough to 
meet almost any industrial need. 
From a single inactive mine in this 
county about 12 years ago, there has 
been developed in Wilkinson County 
a prosperous group of clay mines, 
rehaiines and brick plants, whose 
products are being shipped in large 
quantities to all parts of the country. 
The crude and refined clays are used 
in the manufacture of tile, porcelain, 
whiteware, pottery, sanitary ware, 
refractories, paper, rubber, textiles, 
et cetera. 

The county lies wholly within the 
Coastal Plain, and the clays are 
mostly of the Lower Cretaceous, 
which are the most dependable in 
character and thickness. 

The county is almost evenly divided 
by Commissioner Creek which flows 
in an easterly direction and is fed by 
numerous smaller streams from both 
the north and south. 

Commissioner Creek is on the 240 
contour about sea level. The ridges 
flanking the creek on both sides rise 
to an altitude of 300 to 350 feet with 


knolls or peaks above 400 feet. 
This area is cut at intervals by. the 
lateral tributaries flowing from the 
ridges. 

The mines and commercial outcrops 
are uniformly on about the 300 foot 
contour. 

The overburden consists of sand, 
red and refractory clays, and some- 
times fuller’s earth, and varies from 
5 to 20 feet. The main line of the 
Central of Georgia Railway follows 
the valley of Commissioner Creek 
and being below the level of the 
clay deposits, plants may be located 
at the railroad and the clay brought 
to them by tram or industrial roads 
with the advantages of having the 
grade with the loaded cars. 

The rolling topography of the county 
affords easy mine drainage and 
simplifies the disposition of over- 
burden, while the numerous streams 
afford ample water for refining and 
other plant purposes. 

Yet, Wilkinson County is only one 
of fifteen counties in the great clay 
belt of Georgia through which the 
Central of Georgia Railway op- 
erates. The vast deposits in this 
region cover about 10,000 square 
miles and are the most extensive in 
Eastern United States. They are 
mainly surface deposits and easy to 
mine at low cost. 


Write for These Bulletins: 
Directory of Commercial Minerals in Georgia and Alabama along Central of Georgia Rasl- 
way. — The Utilization of Georgia Clays for Refractories. — Usc of Sedimeniary Kaolins of 
Georgia in Whitewares.— Kaolin and Refractory Clay Deposits in Wilkinson Co., Ga.— 
Washing Testis of Georgia Clays. —Georgta Clays for Paper Fillers.—Georgia Clays for 
Rubber Filler. — Utilisation of Georgia Kaolins in the manufacture of Face Brick. — Dis- 
tribution of Kaolin and Bauxste of the Coastal Platn of Georgia. 


American Ceramic Society Annual Convention, Atlanta, February 8-13th, 1926. 


Central of Georgia Railway 


J. M. MALLORY 
General Industrial Agt. 


CENTRAL 233 West Broad Street 
GEORGIA 


Savannah, Ga. 


(When writing to advertisers, please mention the JOURNAL) 


Before conversion to gas, 
expense of storing, stoking, 
and cleaning. Bigger labor 
bill. Untidy and unclean 
factory. 


classes 
service 


Fuel Surveys 
Plant Layout 
Complete Stan- 
dardized Furnaces 
Complete Furnace 
Designs— 


Converting Exist- 
ing Furnaces. 
We redesign, convert 
and equip your present 
old-fashioned prob- 
ably inefficient fur- 
naces with Automatic 
Control, Firing Equip- 
ment, being responsi- 
ble for Originatin 
Bills of Material an 
furnishing Engineer- 
ing and erecting 
Supervision 
6. Developing Spe- 
cialized Furnaces 
7 Stock Furnaces 
8 Auxiliary Equip- 


ment 


Utilization Division 
of the 
Combustion Utilities 
Corporation 


Surface Combustion Engineers re- \ 


JOURNAL OF THE 


After conversion to gas: 


and tidy factory. 


build or convert old furnaces, in- 
stalling modern equipments. 


“T save 12 centsonevery ton” 
says this superintendent 


An Eastern steel plant, operating four coal-fired 
furnaces, converted one to gas. 

The lone converted furnaces turned out as much— 
and more work than the entire four had formerly 
turned out. 


With the battery of four operation costs had aver- 
aged 42c per ton of steel rails produced. 


With the lone gas-fired furnace, the cost was slashed 
down to 30c per ton. Now the superintendent says— 


“I save 12 cents on every ton. In 17 weeks, the 
cost of my new furnace was paid for out of the sav- 
ings. At the present rate, this Surface Combustion 
installation will earn approximately $50,000 more in 
one year.” 


Surface Combustion is reducing industrial heating 
costs for the smallest as well as the largest manufac- 
turers in all industries. 


Branch offices are maintained in many of the larger 


cities. 

THE COMBUSTION C 0. 

372 Gerard Ave., Bronx, New York, N. Y. 

Branch Offices: 
Philadelphia Montreal Detroit 

Pittsburgh Birmingham Seattle 

Chicago Baltimore Cleveland 
Boston St. Louis Hartford 


Surface Combustion 


WHEREVER HEAT IS USED IN INDUSTRY 


(When writing to advertisers, please mention the JOURNAL) 


fuel handy, no storing, no 
stoking—less labor. Clean 
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ALPHABETICAL LIST OF ADVERTISERS 


Parker- Russell Co..... 6006.00 0606.0 800800085 23 
Pennsylvania Salt Mfg. Co........... . 33 
Roessler and Hasslacher Chemical Co. Inside Front Cover 
United Alloy Shoal Corp 29 
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The College of Experience 
charges a high tuition 


The Philadelphia Porcelain Company of Cam- 
den, N. J. found that it cost them approximately 
$450 to break in 2 new furnace attendant, counting 
loss of spoiled products, lost furnace time and lost 
labor. This was before Pyrometers were installed 
to guide the workers. Since Brown Pyrometers 
have been on the job, the average cost to train a 
new man is only $175. The saving on 5 men in 
11% years is approximately $1375. is repays the 
oun of the installation over 3 times. 


Write for Catalog 14 and a quotation. 


Address — The Brown Instrument Company, 4505 Wayne 
Avenue, Philadelphia, Pa., or one of our district ofices in New 
York, Boston, Pittsburgh, Detroit, Chicago, Birmingham, 
Houston, Tulsa, Denver, Sali Lake City, San Francisco, Los 
Angeles or Montreal 


“—There is no getting away from it, 
This Machine is built Right”— 


The superior qualities of a 
MUELLER GROG PAN 


are not to be found by simply looking at it—actual 
operation will prove to you immediately, that this is 
the machine for your grinding problem—It does the 
job right. 
Let us tell you where Mueller Machines 
are saving money. 


THE MUELLER MACHINE CO. 
TRENTON, NEW JERSEY 


(When writing to advertisers, please mention the JOURNAL) 


) 
Brawn P» (| mete / 
Most used in the world 
iG” 
“4. 


— 


[ 


AMERICAN CERAMIC SOCIETY 


CLASSIFIED ADVERTISING 


21 


Business Must Be Good 


or you would see more individuals 
advertising here for jobs. 


At one of the leading ceramic 
schools of the country this year, we 
found there were three jobs for every 
graduate. Does that mean anything 
to you? It does to us and we repeat 
—Business must be good. 


American Ceramic Society 
Lord Hall, O. S. U., Columbus, Ohio 


The Journal of the Society of Glass Technology 


A quarterly Journal containing original papers and abstracts 
of papers covering the whole field of Glass Technology. 


ANNUAL SUBSCRIPTIONS TO SOCIETY (Including Journal) 


Ordinary 
Collective M 
Price per Number to non-Members........-2-ssseeereereceseneecseeerenssecens 
Price per volume (unbound) to 
‘orms tion for membership may be obtained from the American Treasurer the 
tetra my M. Clark, Ph.B., Nela Park, Cleveland, Ohio. 
Address orders and inquiries to: The Secretary, Society of Glass Technology, The 
University, Sheffield, and. 
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COAL FACT S 


Philadelphi a 


MANY CERAMISTS AND 
POTTERS BURN SEABOARD 
COALS IN THEIR KILNS 


because, after years of chang- 
ing from one coal to another, 
(always with the hope of ob- 
taining better results) they 
finally ordered SEABOARD 
SPECIAL KILN COAL, 


and— 


THEY’VE BEEN BURNING IT 
EVER SINCE. 


The Reason is, that— 


SEABOARD KILN COALS ARE 
LOW IN ASH, SULPHUR AND 
VOLATILE, OF HIGH FUSING 
POINT, AND NON-CLINKER- 


South Broad St.& Broadway 
YorkCity 


(When writing to advertisers, please mention the JOURNAL) 
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THE PARKER RUSSELL CO. 


ST. LOUIS 


BUILDERS OF 
RO-MACK Enameling Furnaces 
HIGH TEMPERATURE FURNACES 
For all Purposes 


HIGH GRADE REFRACTORIES 


maaan 


— 
Pyrometer Tubes—Protection Tubes—Combustion Tubes 
McDanel Refractory Porcelain Company 
Beaver Falls, Pennsylvania 
UNUSUAL - SHAPES : OUR - SPECIALTY - 


HIGH GRADE 


CLAYS 


OF EVERY KIND—FOR EVERY PURPOSE 
UNITED CLAY MINES CORPORATION TRENTON, N. J. | 


Continuous Tunnel Kilns | 
Vitreous Enameling Furnaces 


HOLCROFT & CO. 
6545 Epworth Blvd., Detroit, Mich. 


—- 


ALUNDUM MUFFLES 


Alundum is a high grade refractory, which will stand up extraordinarily 
long. It's more economical. It also ‘‘stays set’’ and will not grow. Write us 
for prices on complete muffies and tile. 


FERRO ENAMEL SUPPLY COMPANY Cleveland, Ohio 


USE “HY-GRADE” MANGANESE 


for surface and body coloring. We pay special attention to our 
200 mesh powder that will not “Cat Eye’ in glazes. 


We mine and very carefully prepare every pound of our own 
product. 


HY-GRADE MANGANESE COMPANY, Inc. 
WOODSTOCK, VIRGINIA. 


(When writing to advertisers, please mention the JOURNAL) 
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If you want pyrometer protection tube satisfaction 


USE 
Montgomery Hard Porcelain P yrometer Tubes 
All Sizes and Lengths for either Platinum or Base Metal 
Couples 
_ The Best Liked and Most Largely Used 
; Protection Tubes on the Market today 
4 If the manufacturer of your pyrometer equipment cannot supply 
p you, write us direct. TRADE MARK 
| fil MONTGOMERY PORCELAIN PRODUCTS CO. 
pa pa FRANKLIN, OHIO, U. S. A. 10-22 


Brick Making Machines 


Crushers Grinders Mixers 
Automatic Cutters 


Chambers Bros. Co. 
Philadelphia Pa. 


WATSON-STILLMAN SAGGER PRESSES 
MAKE BETTER SAGGERS 


at 


LOWER COST 


These Machines press 
saggers from solid wads 
ofclay. Our sagger dies 
have no joints to work 
loose or open under pres- 
aT sure, this insures a hom- 
ogeneous product and 
reduces to a minimum 
the losses in firing. 


Write for Balletins 
and fall information 


The Watson-Stillman Co. 
Showing a 50 Ton Sagger Press 28 DEY STREET, NEW YORK 


Outfit Complete equipped with 
dies for making Elliptical Sagger. Chicago, McCormick Building 


Philadelphia, Widener Bldg. 
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VITRO MFG. CO. 


PITTSBURGH, PA. 


Manufacturers of 


Porcelain Enamels 


For Stoves, Ranges, Signs, Sanitary ware 
Wet or dry application, in all colors 


Coloring and Metallic Oxides 


For Glass, Enamels & Pottery 


Zirconia Silicate 


MAINE FELDSPAR COMPANY 
Grinders of 
Mt. Apatite Spar 
Mills Main Office 
Auburn and Topsham, Maine Brunswick, Maine 


Sales Agents 
Charles M. Fransheim Co., Wheeling, W. Va. 
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W: N. BEST 1816 CLD 1925 ; 
Oil Burners 


South Dakota 


An extremely high-grade 
Potash Spar ground in 
our own mills under 
«constant and thorough 
chemical control. 


Capacity up to 300 Tons Daily 
The BEST Since 1890 We solicit your inquiries 
INNIS, SPEIDEN & CO., Inc. 
Write for catalogs and list of | ann, 
users in the Ceramic field 46 CLIFF STREET NEW YORK 
W. N. BEST Corporation Branches: 
BOSTON PHILADELPHIA CHICAGO 


PENNSYLVANIA PULVERIZING CO. 


LEWISTOWN, PENNA. | 


Pure Canadian Potash Feldspar 


Potters Flint Placing Sand | 


SALES OFFICE 
323 Fourth Avenue 
Pittsburgh, Pa. 


(When writing to advertisers, please mention the JOURNAL) 
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CERAMIC 
INDUSTRY’S 


The best Asset of the Ceramic Industry 
is quality of product and quality of prod- 
uct is largely dependent on properly 
prepared Materials. The American Wet 
Grinding Pan does its work thoroughly, 
quickly and cheaply. This is an unus- 
ually well built, unit. Long 
on service. Light on power. Ask for 
Bulletin. 


We build a complete line of machin- 
ery for Ceramic needs. 


The Hadfield-Penfield Steel Co. 


BUCYRUS, OHIO 


ENGELHARD PYROMETERS 
for 
— TUNNEL KILNS— 


Engelhard Pyrometers have many exclusive features that 
make them desirable for tunnel kilns, and they have been 
applied to almost every type of tunnel kiln. 


A notable installation is on the Dressler Kiln at the Ford 
Motor Co’s glass plant at Glassmere, Pa., which is used for 
pot heating for plate glass manufacture. 


(When writing to advertisers, please mention the JOURNAL) 


} 
BEST 
ae ASSET 


PROFESSIONAL 
DIRECTORY 


JOURNAL OF THE 


CERAMIC 
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LOUIS G. ROBINSON LABORATORIES 


Consulting Ceramists 
for the 
Enamel and Silicate Industry 


Chemical Analyses 
Raw Materials and Products 


31 E. Fourth St. Cincinnati, O. 


THE SHARP-SCHURTZ COMPANY 
Chemists for the Cetamic Industry 
We have fully equipped laboratories at 
Lancaster, Ohio, U. S. A. 


Gettin ground coat liquid enamels 
“set” ona a dipped to the same con- 
sistency on one day as on the next, 
has been the problem of all enamel- 
ing superintendents probably since 
the birth of the industry. 


This problem has now been solved 

a device originated by Mr. Karl 
Pack vice-president of The Porcelain 
Enamel & Mfg. Company of Balti- 
more, The meth he uses is 
simple, costs but a dollar or two, and 
is very easy of operation, requiring 
but a few minutes each day. 


It is described in detail in a book- 
let (which may be obtained by writ- 
ing the above named company) en- 
titled ‘“‘A Method for the Precise 
Standardization of Ground Coat Dip- 
ping. 


Frederick H. White, formerly in 
charge of advertising and sales pro- 
motion for the Porcelain Enamel & 
Mfg. Co., of Baltimore, has resigned. 


KARL LANGENBECK 
Consulting Ceramic Engineer 
1625 Hobart St., N. W., Washington, D. C. 
Competent men for responsible 
positions in the clay 
industries, available. 


Chemical Analyses of 
Ceramic Materials 


W. W. WILKINS 
LEWIS INSTITUTE 


1951 W. Madison St., Chicago, IIl. 


Each business card in the 
opposite column is a direct 
message to you. 


These firms maintain well 
equipped laboratories for 
testing ceramic materials. 
They are also competent 
in the engineering line and 
if you have a job you want 
done right, give them a 
trial. 


We know of no better way 
to put you in touch with 
competent professional ser- 
vice. 


(When writing to advertisers, please mention the JOURNAL) 
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Largest clock in the world is 
enameled on Toncan Metal 


The white face of this great Colgate Clock at Jersey 
City is 50 ft. in diameter. The minute hand is 27 feet, 
3 inches long, and weighs, with counter-balance, 2200 
lbs. The men working at the top of the dial give some 
conception of the clock’s size. 


The face of the clock is made up of 438 strips six 
inches wide, white enameled on Toncan Metal by the 
Erie Enameling Company of Erie, Pa. 

The use of strips cuts down weight and wind resistance, 
yet gives the appearance of a smooth white surface 
from a short distance away. 

Not only for the exceptional jobs, but on the regular 
run of production, enamelers who use Toncan are cut- 
ting costs by obtaining a much higher percentage of 
perfect pieces. 

If you have never used Toncan, it would pay you well 
to write us. 


UNITED ALLOY STEEL CORPORATION 
CANTON, OHIO 


New York Chicago San Francisco 

Syracuse Detroit Indianapolis 

Cleveland Pittsburgh Portland 
Philadelphia 


TONCAN ENAMELING SHEETS 


(When writing to advertisers, please mention the JOURNA L) 
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ZIRCONIUM & TITANIUM 


PRODUCTS FOR 


THE CERAMIC INDUSTRIES 


Zirconium Oxide Product 


The Ultimate Opacifier for 
Vitreous Enamels and Glazes. 


(Granular or Milled) 


A refined Zirconium Silicate 
for Refractory Work and 
ground coat enamels. 


Electrically Fused 


(Lumps or Milled) 95% 
Zirconium Oxide. A super- 
refractory material for ex- 
ceptionally high temperature 
work. 


(Granular or Milled) . 


94% Titanium Oxide. A 

specially prepared product lig, 
for Terra Cotta, Faience, Acid , 
Resisting Enamels, etc. 


The Titanium Alloy Manufacturing Co. 


Ceramic Materials Department 
R. D. Landrum, General Manager 


Cleveland $3 Ohio 


(When writing to advertisers, please mention the JOURNAL) 
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SERVICE TO POTTERS 


We Manufacture— We Sell— 
PINS BALL CLAY 
STILTS SAGGER CLAY 
THIMBLES WAD CLAY 
SPURS GROUND FIRE CLAY 
SAGGERS BITSTONE 
CRUCIBLES FIRE BRICK 
TILE for Decorating kilns IMPORTED PARIS WHITE 


THE POTTERS SUPPLY COMPANY 
EAST LIVERPOOL, OHIO 


The National Silica Co. 


OREGON, ILL. 


Producers and Pulverizers of 


FLINT 


exclusively for 


Pottery Purposes 


99.97% Pure Silica 140 Silk Lawn Test 


(When writing to advertisers, please mention the JOURNAL) 
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One Carbofrax Muffle 
Outlives Eighteen of Fire Clay 


AS Muffle in the Garfield, Utah, Plant of 
the American Smelting and Refining Co. was still 
intact after eight months. It has outlasted and outserved 
eighteen fire clay muffles. The muffles subjected to the 
test were installed in assay furnaces, the burning condi- 
tions being identical. 

Not only did the Carbofrax Muffle show a remarkably 
longer life, but it made possible a more uniform heating 
at three-quarters of the fuel consumption. Today all of 
their furnaces are equipped with Carbofrax Muffles. This 
is just another story of the efficiency of this muffle made 
of Carbofrax, the Carborundum refractory. 

In enameling furnaces, too, Carbofrax Muffles are 
making records for long life, increased furnace production 
for making possible better burned ware. Carbofrax trans- 
mits heat ten times as fast as fire clay. You can load your 
furnace from back to door and be assured of an even tem- 
perature throughout the entire working chamber. 


Our Sales Engineering Department will be glad to discuss 
the application of Carbofrax Muffles to your furnaces 


The Carborundum Company, Perth Amboy, N. J. 


New York - Chicago - Boston - Philadelphia - Cleveland - Detroit 
Cincinnati - Pittsburgh - Milwaukee - Grand Rapids 
Williams & Wilson, Lted., Montreal 
Harrison & Company, Salt Lake City, Utah 


(When writing to advertisers, please mention the JOURNAL) 
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THE CERAMIC DIRECTORY is on 
the press. Your last chance for advertising 
in it slipped by with the appearance of the 
June issue of the Journal. We waited until 
June 17th and several firms ‘‘came in under 


the wire.” 


When you get your copy some time this 
month, let us know what you think about it. 


American Ceramic Society 
Advertising Department 


Hall, O.S.U. Columbus, Ohio. 


GREENLAND KRYOLITH 
NATRONA HYDRATE and OXIDE ALUMINA 


PENNSYLVANIA SALT MANUFACTURING COMPANY 


Executive Offices: Works: Philadelphia and Natrona, Pa, Representatives: 
Philadelphia, Pa. Wyandotte and Menominee, Mich. New York Chicago 
Pittsburgh St. Louis 


Always as represented! 


EDGAR CLAYS 


No matter when you buy our clays you will always find 
them running uniform and of a very high quality. 
They are always as represented 


EDGAR BROTHERS CO. 


METUCHEN, N. J. 


EDGAR PLASTIC KAOLIN CO. LAKE COUNTY CLAY CO. 


(When writing to advertisers, please mention the JOURNAL) 
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Kiln Refractories 
for Higher Duty 


The selection for refractories for kiln floors, walls 
and fireboxes is becoming highly important be- 
cause of the temperatures desired, load, quality of 
fuel, etc. 


The ideal qualifications for refractory brick are 
given as: 


Ability to stand a high load 
High fusion temperature 
Resistance to spalling 
Resistance to low fusing clinkers 
True size 
True faces 
Uniform texture 


Alundum and Crystolon Bricks meet most of 
these. Varying slightly in their properties, selec- 
tion between them is dependent on individual con- 
ditions. 


NORTON COMPANY 


WORCESTER, MASS. 


(When writing to advertisers, please mention the JOURNAL) 
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WHO 
DO 
YOU 
TRY 


TO 
REACH 


with your advertising? The kiln burner or the en- 
gineer in charge of the plant? The readers of the 
Journal make up the greater number of the engi- 
neers with whom you want to get in touch. By 


using Journal advertising space it identifies you 
and your product as being worthy. The trust 
placed in you by Journal readers means increased 


sales. 


Advertising Department 


American Ceramic Society 
Lord Hall, O.S. VU. Columbus, Chio. 


(When writing to advertisers, please mention the JOURNAL) 
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In this plant you find elec- 
tric heat being used because 
it is cleaner and under 
absolute control; in other 
plants because of its greater 
flexibility, or some other 
feature. General Electric 
has pioneered in the devel- 
opment of electric heat. Let 
G-E engineers study your 
heating problems. 


GENERAL ELECTRIC COMPANY, 


JOURNAL OF THE 


Absolute Temperature Control 
Improves Quality 


An experimental electric lehr with a connected 
load of 125 Kw. was put in operation at the 
Illinois Pacific Glass Co. in 1921. Today, its 
factory is completely equipped with electric 
lehrs, and the results are revolutionary. 


Positive temperature control within narrow limits 
throughout the annealing cycle is the key to the 
success of electric heat in this case. High thermal 
economy, ease of distribution and the elimination 
of breakage and rejects are incidental advantages. 


The fact that the customers insist upon 
electrically annealed bottles proves their better 
quality. 

Maintenance cost of the electric lehr has been 
negligible—$50 for 3 \4 years cn the first lehr. 


uve 


GENERAL ELECTRIC 


SCHENECTADY, N. Y¥., SALES OFFICES IN ALL LARGE CITIES 


(When writing to advertisers, please mention the JOURNAL) 
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GLASS ENAMELS POTTERY 


HEAVY CLAY PRODUCTS 
REFRACTORIES 


and their fabrication, receive the most 


publicity through the Journal. 


If you manufacture anything, for use in 
these various lines of ceramic activity, 
the place to advertise it is in the Journal, 
as itis the most widely read ceramic 
publication on such subjects in the 


country. 


Let’s have that advertisement right now 
for the NEXT Number of the Journal. 
You can’t afford not to have your message 
in these issues which go to press on the 


25th of each month. 


Advertising Department 


American Ceramic Society 
Lord Hall, O.S.U. Columbus, Ohio 


(When writing to advertisers, please mention the JOURNAL) 
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Drying Clay 
THE “HURRICANE” WAY 


“Hurricane Truck Dryer for Ceramics 


Quicker | More Profit 
Cheaper; For You 


OR more than a quarter of a century ‘“‘HURRICANE” Dryers 
have justified the judgment of manufacturers seeking the highest 
possible value in drying equipment. The advantages of Convenience, 
Operating Economy and Quality of Product are assured when your 


work is done the “HURRICANE” way. 


Our Engineering Department will communicate with you upon 
request. No obligation involved. 


WRITE FOR FULL INFORMATION 


THE PHILADELPHIA DRYING 
MACHINERY COMPANY 


Ceramic Drying Machinery 
Philadelphia, 


Stokley Street above 
Pa. 


Westmoreland 


New England Agency: 
Hurricane Engineering Co. 
53 State St., Boston, Mass. 


Canadian Agents: 
Whitehead, E: , Ltd. 
Montreal 


(When writing to advertisers, please mention the JOURNAL) 
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—has enabled Pemco customers to lead the industry, to have 
on all competitors. Could that be achieved with- 
out SERVICE. 
The Pemco research bureau has spatter grays 
ity of color, to sheet iron work—Pemco metal veneers; 
 seirtet grain effects, beautiful finishes of mahogany, light 


q 
q 
These improvements are offered to ia customers as 

soon as they are effected and their workableness assured. 
6|| This SERVICE enables Pemco customers to reduce costs 
|| and offer products that have no competition but a ready market. 
: Why not be a Pemco customer— Let us explain our 

SERVICE— Clip the coupon below and give to your secre- 
: tary. Get your copy of “SUCCESSFUL ENAMELING 
: via The Pemco Plan”. 
J 


Pemco Service Assures Success 


The Porcelain Enamel & Mfg. Co. 


Baltimore, Maryland 
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TIN OXIDE 


is preferred by foremost firms threughout the 
country, making terra cotta, faience, tiles, sanitary 
pottery and art pottery. 

A uniform product, free from impurities, and 
with unexcelled covering power. 


We welcome inquiries, and will gladly send 
samples for test purposes. 


Exclusive Agents for 


Johnson-Porter Enamel Clays 


By giving exceptionally good results in floating 
enamel these clays are rapidly supplanting 
foreign enamel clays. 


METAL & THERMIT CORPORATION 


Ceramic Department 120 Broadway 
Homer F. Staley, New York 
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